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PREFACE. 


To perform his work intelligently, an artizan must have a 
'knowledge of Elementary Mathematic*. When he cornea to 
appreciate this fact for himself the workman generally finSa 
that even the arithmetic he learnt at school has left him, and 
that he remembers little more than four simple rules and the 
multiplication table. Teachers soon discover that though 
anxious to learn, a student of this kind does not wish to lose 
contact^with the practical requirements of the workshop,-— 
he is impatient of “pure” m£WP|aatics,—so the question arises 
how to teach him mathematics enough, by dealing with the 
calculations themselves which he is actually called upon to 
make at his work. « «» 

The plan which is found most successful is a compromise. 
It is useless to say that all students ought to learn the broad 
principles of mathematics' first, and apply them afterwards. 
Experience has proved that most artizan* will not attend 
classes where the authorities decide that this is the only 
course. 

To meet the difficulty classes in Workshop Arithmetic, 
Workshop Calculations and Practical Mathematics, have grown 
np, and it is to provide for young workmen beginning to attend 
one of these classes that this little book has been prepared. It 
will form with its sequel am introduction to my larger volume 
on “ Practical ifathematios " which has been received very 
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favonrafily, and will, I treat, prove gervioeable to a class of 
student* who deserve every assistance. 

A long experience in my oW\ classes has Amvineed me that 
the solution of a large number of carefully graduated exgrABes 
of a practical kind is the lx»t way to maintain the interest of 
the student.. It will consequently be found that the most 
piominent characteristic of the present lawk, and of the supple¬ 
mentary part, is the subordination of rigid mathematical proof 
to the proMsmn of numerous problems drawn from thl student’s 
eveiyslay ex|s*rienee. 

FRANK CASTLE. 

LoNImiv, July, 1JKX) 


PREFACE TO NEW EDITION. 

At the end of this edition Miscellaneous Exercises liave been 
added, arranged in sections, corresponding roughly to those 
adopted in the book. It is that these may found 

useful either for working simultaneously with the sections to 
which they refer, or as revision exercises. Some corrections 
to the answers have been made : and this opportunity is taken 
to thank*those teachers who have directed my attention to 
the need for them. Acknowledgments are due to the Union 
of lAncashire and Cheshire Institutes [L.C.U.]; The Union of 
Educational Institutions [U.E.I.]; The National Union of 
Teachers [N.U.T.]; and other authorities who have kindly 
permitted the use of questions from theft* examination paper* 

F. C.* 

Hastings, August, 1918. 
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CHAPTER I. 

SIGNS OR SYMBOLS OK OPERATIONS. PRIME NUMBERS, 
FACTORS, POWERS, MEASURES, G.C M., L.C.M. 

The student who is not already familiar with the symbols or 
signs operations used in Arithmetic, will find they are labour- 
saving and very convenient.'* 'It is, therefore, advisable to 
become acquainted with them as soon as possible. It is hoped, 
however, that the majority of the syinljols which will be intro¬ 
duced as required in the following jiages are alreadyaknown ; if 
this is not so, they should be employed on all |K»ssible occasions 
until they can be used quickly and accurately. 

Signs of Operation: Addition.— The sign*+ (called plus) 
indicates that the number before which it is placed is to l>o 
added to the number Jn front of it. Thus 4 + 5 means that 6 is 
to be added to the number 4; also 4 + 5 + 7 means that 7 is to 
be added to 5, and then 4 to the result, or, simply the three 
numbers are to be added together. 

• The sign ss is used as an abbreviation of the words “ is equal 
to,” or simply “ equals.” Thus 4 + 5 + 7“ 10 is read as 4 plus 5 
plus 7 is equal to, or equals, 16. 

Subtraction. —The sign *— (called minus) is the sign of sub¬ 
traction, and indicates that the number which follows it is to be 
W.M. !. A 
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taken away, or tubtractod from, the number which is placed 
before it. 

Thus 12-4 (read a* 12 minus 4) means thalM is to be sub¬ 
tracted from 12 ; hence 12-4 = 8. € - 

• 

Multiplication.—When one number is multiplied by another 
the sign X is •placed between the numbers; thus 0x4 means 
“ 6 multiplied by 4,” or 0 times 4, or the product of 6 and 4.^ 
From Fig. 1, where 4 rowf of dots are arranged, each row 
containing 6 dots, the result of multiplying 0 by 4 eafl be ob- 
• tttiuod by the simple process of addition, 

...... and the process of multiplication is thus 

.. seen to l>e a brief and concise method of 

^ , , , , . . adding a given number several times to 

.. itself. Although this method can 1)0 used 

Fiu. i. -To dhow tint when the numbers are small, it would be 
Ox4=*4x0. a very troublesome process with large 
numbers. 

Again, as in Fig. 1, there are (1 vertical rows of dots each 
containing 4, the total number of dots is the product of the 
numbers 0 and 4, or 6x4; similarly, there are 4 horizontal rows 
each containing 6, and the produfrts 4x(J; hence 4 x 6 = 6 x 4. 

The number 6 preceding the sign of multiplication, x, is 
called the multiplicand ; the numlter 4 following it is called 
the multiplier ; and, as has been seen, the final result is called 
the product. Moreover, since 6x 4 = 4x6, the multiplicand 
and multiplier are seen to be interchangeable. The two 
• numbers themselves are called factors of the number denoting 
the product. 

Division may be indicated by placing the symbol -r between 
two or more quantities. Unis, 84-2 = 4 (which is read as 8 
divided by 2 is equal to 4; or, 2 into 8 is 4). Such division is 
often expressed by writing the two numbers in a fractional 
form, as § = 4. • 

The number preceding the sign of division, 4-, is called the 
dividend ; the number following it is called the divisor ; and 
the result, when the operation indicated by the sign is per¬ 
formed, is called the quotient. * % 

In this way it is seen that the signs or symbols of operations 
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give definite information, enabling operations and results to* 
l)e written in a brief and clear manner. 

All these Gyrations may be summarised by the following 
%imj>le examples: 

4 + 5=9; 12-4 = 8; 

5x0 = 30,; 8 + 2, or 8 = 4. , 

£rime Number.— Any numlier which in divisible by no other 
number except unity is allied m prime number; thus 1, 3, 5, 
etc., ar^ prime numbers? 


Measure, Multiple, or Factor.— A numW which*divides 

an exact nund>er of times into another number, i« said to be a 
measure or factor of the latter; it is also called a sub-multiple 
of that numl>er. 

14 = 7x2. # 


Either 2 or 7 will divide the given numlx*r 14 without a 
remainder, hence either of these numbers is said to lx* a measure 
of 14. 

21+3 = 7. 

Since 3 divides into 21 without a remainder it is said to l>e 
a measure of 21. 

These examples suggest a^ulc which may Iks stated thus ; 

Rule, —// in the division of one numfnr by another there is no 
remainder, the divisor is a measure of the dividend. 

Factors.— The two numbers 2 and 7, or 3 and 7 i» the above 
examples, are both said to l>e factors of 14 and 21, because 
when multiplied together they give the numbers 14 and 21 
respectively. 

Squares and Cubes. Powers.— When a number is multiplied 
by itself the result i$ called the square or the second power of 
the number. Thus the square of 3, or 3 x 3, is 9, and the square, 
or second power, of 4 is 4 x 4, that is, 16. 

When three numbers of the «&me kind are multiplied together 
the result is called the cid>e or *third power of the number ; thus, 
the cube of 3 is 3x3x3, that is, 27. The cube of 4 is 4x4x4 4 
or 64. 

In the nme manner, the. result of multiplying four numbers 
of the sanse kind together is called the fourth power. Thus, the 
fourth power of4is4x4x4x4. that is, 256. 
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By multiplying five of the same numbers together we should 
obtain the fifth power of the number. The sixth, seventh, or 
any other power, of a numlwr is determindll in a similar 
manner. 

« 

Index. — Another and a very convenient method of indicating 
the power of a dumber in by means «f a small figure placed near 
the top and on the right-hand side of a figure; thus the sqqare 
or second power of 2 may lie written 2x2, but more con¬ 
veniently as 2 3 , and the fourth |s>wer of 2 either as2x§x2x2, 
or 2 4 . Similarly the square, cube, fourth or fifth power of 4 
would l»e written 4 a , 4\ 4 4 and 4 f> . 

Greatest Common Measure. -In addition to the measures 
just referred to, another important measure of two or more 
numbers is called the Oreatest (’ommon Measure of those 
numlnu's, and may he defined as follows: 

Uui.K.— The greatest number which is contained an exact number 
of times in each of two or more given numbers is called their 
Greatest Common Measure , or, as usually written, o.c.M. 

One method which may be used to find the o.c.M. of two or 
more numbers is to break them up jnto factors. * 

Thus, to find the o.c.M. of the two numtars 14 and 21. 

The greatest numl>er which is contained an exact number of 
times in the two numliers is the: nuinlter 7, hence 7 is the o.c.M. 
required. • 

To find the o.c.M. of the two numliers 46 and 120. 

On breaking both numlvers into factors, we have 
45=9x5, 

126 = 9x7x2, 

and the o c.m =9. , 

Ex. I. Find the o.c.M. of 21879 and 14872. 

Since 21879=9x 11 x 13x 17, 

and 14872=8x1) xl*x 13. 

The o.c.M. is 11 x 13=143. 

Ex. 2. To find the o.c.M. of 2079 and 2898. 

Since 2079 = 9 x 3 x 7x11, 

and 2898 = 9 x 2 x 7 x 23. 

The o.c.M. = 9x7=63. 
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When the numbers are large, the process of finding the 
factors is rather tedious, and it is better to use the following 
process : • 

^ Rule.—T o find the o.c.m. of two numbers Divide the larger 
of the two numbers by the mailer; then divide the mailer number 
by the remainder from the Jipt division; divide th g first remainder 
by the new remainder , if any, and so on until there, is no remainder. 
Till last divisor is the o.c.m. reqniyd. 

Thu* to find the o.c.t. of 21879 and 14872. 

14872 ) 21879 ( 1 
14872 

7007 ) 14872(2 
14014 

858 ) 7007 ( 8 
6804 

143) 858 ( H 
858 

. o.c.m. = 143. 

In "finding the o.c.m. oQrWo or more nm»l**rs, the work is 
often simplified by taking out any common factor of the 
numbers before the division is made. This common factor 
must, however, be included in the o.c.m. 

When the o.c.m. of more than two minders is i^juired, the 
o.c.m. of two may first l>e found, and afterwards the o.c.m. of 
this first result and the third number, and so on. 

Thus, to find the o.c.m. of 3024, 4752, and 7488. 

The o.c.m. of 3024 and 4752 found as in the last worked out 
example is 432. In like manner the o.c.m. of 432 and the 
remaining number 7^88 is found to l>e 144. Hence, 144 is the 
o.c.m. of the three given numbers 3024, 4752 and 7488. 

EXERCISES. I. 

1. Find the highest number that will divide both 12499 and 

14790 without a remainder. What is that highest number 
called ? , 

2. WMkt is meant bv the Greatest Common Measure of two 
numbeA? 
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Find the G.o.M. of the following seta of numbers: 


a 806, 357 and 504. 

5. 5777 and 7281. 

7. 23760 and 20136. 

9. 14938, 23474 and 32010. 
11. 7560, 27720 and 108108. 
13. 10058, -198% and 9823. 
15. 27531 and 8740. 

17. 4781 and 6147. 

19. 2022, 2793 and 2736. 

21. 1019527 and 1231845. 

23. 24057 and 3645. 

25, 17255 and 14161. 


4. 420 and 480. 

6. 40991 and 48151. 

8. 6023 and 15466. 

10. 116039, 122067 and 137131 
12. 15496 and 12665. 

14. 8/75 and 12025. 

16. 2301 and 3717. 

*18. 7535# 11645 and 6165., 

20- 282660 and 40299. 

22. 75582, 42237 and 5103. 

24. 3024, 4752 and 7488. 

26. 13530 and 23148. 


lAast Common Multiple. When a n urn her contain* another 
number an exact nimfa-r of time#, the first number is cuffed a 
multiple of the wand. Thun, 15 is a multiple of 3 and 5; 12 in a 
multiple of 3, 4, and 6. 

The smallest number which is dirisible fa/ each of two or more 
given numbers is called the Least Common Multiple of the given 
numbers , aud is usually written l.c.m. t 

One method which may he uaed^lV) find the l.c.m. of two or 
more git on numl>ors is to split up the numbers into their 
prime factors. 

Having obtained the factors, select the highest powers of 
each prituo # factor which occurs in these products; by multi¬ 
plying these highest powers together the l.c.m. is obtained. 

* Ex 1. Find the i..c.m. of 42, 56 and 63. 

Here 42 3 \ 7 * 2, 

56-8x7=2® >.7, 

63 - 9 x 7 = 3 s x 7. 

The highest powers of 2, 3, and 7 that occur are 2®, 3 2 and 7. 
Hence the U’.m. -2® x 3*x 7 

= 8 x9 x 7 = 504.; 

• A very convenient and expeditious method of finding the 
prime factors of numliers, the l.c.m. of which is required, is 
as follows. 

Arrange the given numbers in fine, separating (hem by 

commas 
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Divide tho numbers by any factor which 2 W2, 66 , 68 
is a factor of two or more of them. 3 ) 21 , 28, 63 

Thus, in solving the above example by this ) 7 2B~21 

method, first, dividing by 2, next by 3, and —’—*— 

fimflly by 7, we obtain in the last line tho L ® 

numbers 1, 4, 3. 

'Hie is the prnditrpof the numbers in the hist lino and 
th# nmnlxTs which have lurn used as divisors. 

. ,. fc.rM. 2;f3x 7x4x3 

-604. 

men the given numliers are large, a similar method of 
arranging the nuinlwrs in line may be employed, but tho u.c.M. 
of the numbers must be used as the divisor. 

Ex. 2. Find the i~<\ m. of 3024, 4762 and 7488. • 

In this case the <; C.m as on p. 5 is 114 ) 3024, 4762, 7488 
found to be 144. Dividing by the o.c.m. 3)21, 33~ 62 

we obtain: 7 11 62 

l.c.m. = 144 X 3 X 7 X 11 X 52= 1729728. 


Referring to the preceding example, it will t>e evident that 
the process adopted in ltrt.li examples is the same. In the 
first of the above examples 7 is the o.c m of the three numbers 
42, 66 and 63, and dividing by the o.c.m. the factors are 2 3 

and 3*. 

The a. c.m. of the two numbers contains all the prfino numbers 
and powers of prime uuinliers common to the two numbers. 
Hence to find the l.c.m. we have the rule : Divide the product yf 
the numbers by their o.c.m. 

In applying this rule the convenient method when two num¬ 
bers are given is t* divide the. o.c M. into one of the numbers and 
multiply the quotient by th>‘ other number. 

Ex. 3. Find the l.c.m. of 2U5 and 1287. 

In the usual way we find the o.c.m. =429. 

Hence lc.m. = YjV~ x 2145 ~ 6435 - 

As the L.C.M. may lx- obtained by dividing the product of 
two numbers by their s.c m., the product of two numbers is 
ftqnal U) the O.C.M. of the numbers multiplied by their l-c.m. 
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Thin can «anily be understood by referring to Ex. 3, or by 
writing the problem an an ordinary division sum, thus: 

o.o m. ) Product of two numbers ( r,fc:.M. 

To prove a division sum the dividend is multiplied by # the 
divisor, hence it is seen that 

u.c m. x l.c.m. - Product of two mmdierH. 

An old rule for finding the i.c.m, of three or more numlyira 
may in some cases be used witl#advantage. The rule is : Find 
the L.c.M. of two of the numbers, then proceed to find ttfe l.c.m. 
<»f the third number ami the l.c.m. already obtained, and so on. 

Ex. 4. Kind the i. c.m. of 42, 56, and (53. 

The u.c.m. of 42 and 56 is 14. The. L.C.M. is {- x 56-168. 

The o.c.M. of 168 and 63 is 21. 

J..C m. is \** X 63 504. 

Ex. 5. Kind the u.c.m. and l.c.m. of 1920 and 756. 

1920--2 \ 2 v 2 x 2 \ 2 x 2 x 2 x 3 \ 5 
756 - 2 ■ 2 • 3 x 3 '• 3 x 7. 

The u.c.m. is the product of the common factors 
2 2x3-12. 

The l. o. m . - 1920 \ 756 ; 12-120960.*, * 

EXERCISES. II. 

Find the Loast Common Multiples of 
I. 15, 20*24, 30. 2. 44, 48, 96, 52. 

a 90, 66, 42, 30, 11. 4. 125, 27, 24, 180, 136. 

, 6. 165, 108, 270. . 6. 192, 204, 272. 

* 7. 30*24, 4752, 7488. 8. 132, 165, 220. 

9. 385, 231, 165, 105. 10. 555, 1221, 2035. 

11. 4781, 6147. 12. 7535, 11(^5. 

13. 5713, 5771, 6467. 14. 78, 84, 90. 15. 132, 161,168,253. 

IK When is one numlier prime to another? Find the g.c.m. and 
L.C.M. of 7560, 27720 ami 108108. 

17. State the arithmetical jule ftV finding the Least Common 
Multiple of three or more numbers. Find the smallest number 
Which when divided by 12, 15 and 18 gives remainder 1 in each 
case. 

IK W’hat is the L.0 m. of two numbers? Find the least sum of 
money that can lie exactly distributed either in half-crown^ or half 
guineas. , 



SUMMARY. 

19. Resolve 2310, 6552 and 216,") into their prime factors and 
thenoe deduce their I,.cm. 

Find the L.c.M^of 

2a 40, 42, 44, 48. 21. 198, 495. 2475. 22. 18, 51, 34, 7, 30. 

23# Find the O.c.M. and the l.cm. of the numbers 15496, 12665. 

24. Find thec.f.M. and of 123, 147. 

25. Find the i,.o m. of 959, #973, 2329. • 

2^ Find the c; cm. of 27781, 23507. 

27. Find the L.C.M. of 20, 12, 15, 1 *15, 4; and the <i.cm. of 702, 
1368, 19*. * 


Summary. 

The signs of operation me + (addition), — (subtraction), X (multi¬ 
plication), -7 (division), and = (equals, or equal to). @ 

Prime numbers arc those iiumIh'ih which arc divisible by no other 
number except unity. 

Measure or Factor. A number contained an exact »mulx-r of 
times in one or more numbers is and to be a measure or factor of 
those numbers. . 

Powers. -When a number is multiplied once by itself the result is 
called the squaie m setond power of the numlier. When multiplied 
twice by itself the pioduct is filled the culn* of the number. 

Index.—A small number near the top and on the right, of a given 
number is called the index, or power of the number. Thus the 
square, cube, and fourth jiower of 2 would lie indicated by 2 s , 2 3 , and 
2* respectively. 

Oreatest Common Measure. The greatest number wHIch is con¬ 
tained an exact number of times in each of two or more given 
numbers is called their <».</.m. It is often also called the Highest 
Common Factor, or h.c.f * 

Least Common Multiple.—The smallest number which contains 
each of two or more nurnliers is wiled the Least Common Multiple, 
or L.C.M., of the numbers. 
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VULGAR FRACTIONS. 

Fractions. -Supjiose tlmt any unit (such as a rod one yard 
loyg) is divided into tluee equal parts ; each of these parts is 
called one-third (\) of tin; whole, and two of these jwirts together 
make two-thirds (5j) Karh of these quantities, ij, is called a 
fraction. A fraction may thus bo defined as a part or parts of a 
whole. 

Tlie section of Arithmetic dealing with the subject of fractions 
is very inqiortnnt, and should receive the best attention of the 
student. In Fig. 2 one end of an ordinary foot-rule yard) is 
shown. The distance between a and b or b and e (which repre¬ 
sents an inch 11 . each wise) is divided »nto 8 or 10, and on some 


Tffl 

- - --- - _ _ - 


+—r~-1—f—i— i—t 

m 

wnstomumm 


c b . f d e 


Fla. i— Showing ono end of n scale of inches and fractions of an inch. 

scales into 12 or 16 equal parts. Such a rule or scale, which every 
student is supposed to possess, is a useful instrument with which 
to illustrate the four operations of Addition, Subtraction, Multi¬ 
plication, and Division, t’onsider any length on y«ur scale, 
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such as from b to f the third division towards e. Tins length 
is spoken of as three-eighths of an inch, and is written g". The 
number below tlfc line is called the denominator of the fraction, 
and indicates the number of pirts into which the unit has been 
diviifed. The upper number of the fraction, in this ease 3, is 
called the numerator of the fnntion, and expresses the number 
of parts, in this case eighths, which have been taken. Or, 
expffessed in another \\u\, * 

• ,, •• numerate! 

r faction — , 

denominator 

When the numerator anti tit-nominator of a fraction arc each 
multiplied or dinitial Ay the Mime number , t/o- mine of the fraction 
u umlt/rcd. Thus, for example, if we multiply both the 
numerator and the dcnoimnatoi of our fraction jj by 2, %e 
obtain as a result tin 1 fruition This simply indicates that 
the unit ab (Fig. 2) is divided into sixteen parts instead of eight. 
Kach part is therefore twice as small as lief ore, and in order to 
obtain a fraction c<pial to the original fra<tn>n, twice as many 
of these smaller puts must be taken, i.c (J. 

By ^ueh simple methods as those suggested, it should Ijo 
jKissible to easily understalW the above prof* wit ions. 

Addition, Subtraction, and Comparison of Fractions.— 

To add, subtract, or compare fractions having the same 
denominators, it is only necessary to add, subtract, qr compare 
the numerators of such fractions. When the denominators are 
not alike the fractions under considemtion must first be reduced 
to equivalent fractions, each having the same denominator. 

Thus, to add s 7 ff and .fc of £1 together, since the 7 and 
the 6, in the numerators of the fractions, indicate the number 
of shillings concerned, the answer is 13 shillings or of a 
pound ; by subtracting one from the other we should get A of 
£l. 

If we wish to add 7 and ^ together we cannot proceed in 
the same way liecause there are 7 things of one kind and 3 of 
another. We must pioceed to make the fractions represent 
things which are of the same kind, and when this is done the 
addition gf the two fractions can l>e eflwted. Hence, we first 
make §^into by multiplying numerator and denominator 
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by 2 , then by adding the numerators of the fractions we obtain 
\l- 'i’hin simple example should Iw verified by the foot-rule. 

Improper Fractions.--'Those fractions in which the numerator 
is not less than the denominator aiv. called Improper fractions. 

Any whole niimlxT can always be expressed in a fractional 
form, thus 0 j f - 4 1 , etc. • 

A Mixed Number is a number consisting partly of a v hole 
number and partly of a fraction ; su^h numbers as 5J, 6 J, 
etc., are called mixed numbers. 

The mixed number O.J indicates (j+4, and to represent this in 
a fraetional form, (1 is expressed as a fraction with denominator 
1 ), thus J ; to this add and we obtain 

In a similar manner any mixed number may be expressed as 
an improper fraction. 

Mu<h tiouble is frequently avoided in the addition and 
subtraction of mixed numbei's by adding or subtracting the 
whole immbcis liist In multiplication and division it is 
always advisable however to first reduce to improper fractions. 

Ex. 1. Find the \aluc of 8 * + : | + 7 - 

As ft —1,* we have- • 

4. as 4. s 4 , «o _ 74 
• , + '10.V T l0 - r njg to* 

--»+ 17 iYi A 

'9 + 1 Jj 5 

- 10 . 

Ex. ‘2. Find the value of £ - £ + - fl¬ 

ue, m. of the denominators is 48. 

Hence the given fractions may l>e express^! 

iff 4« i '4S ~JS~ 4*-~4S * l«* 

E!x. 3. Find the value of J 4* 5 *~ \ 4* ‘2 — |\ ~ ^ 7 j. 

The given fractions, all with a denominator 24, are equivalent 
to the following, 

1 - 1 1 n 4 . 9 •-* _ 7 

S« + i4“iI + 91 5* 2l» 

or better written as 


12 1 16 4 4 9-2-7 24 
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The arithmetical work involved in the addition, subtraction, 
or compariHon of fractions, is in practice often considerably 
lessened- by dealing with two or three of the given fractions 
at a time. When this has been done, and the fraction in its 
lowant terms representing the sum or difference <>f two or three 
of the terms has been obtained, proceed to add or subtract the 
remaining quantities. • • 


1 y*. 4. Find the value of 

• ■! + :» + !- a 

Here \ + j 

also s. and 


The given fraction thus becomes 

i » . i i i __ i 

s’” | o and s " i r) - j a* 


In the last example, it will be noticed that bv dealing with 
the fractions, three at a time, the arithmetical woik is less than 
would l»o necessary if the i..cm. ( 1*20) of all the denominators 
had been used. 


. KXKRCISKS. II1. 

Subtract * 

1. 25J5 from 31},!. 2. ?{ f.2jj. 

3. iHlo from 32jj. 4 IfliJ from 17ij"- 

6. Prove from t(io definition of a fraction that 3 /.j c j. State 

in words the mle that you deduce for the addition or subtraction of 
fractions with unlike denominators. 

6 . Find the value of \ + \ - \\ + ^ - H - « 

7. Find the greater of ,Y.i and 1V7, and divide {? by their 
difference. 

8. Add together « anti )V Draw a flguie to illustrate the 
manner in which the difficulty of the addition of fractions with 
unlike denominators is surmounted. 

9. Find a number such that, if one twenty fourth part of it ho 
taken away, the remainder is 2.*». 

10. Arrange in order of magnitude the fractions { jj, 4, 

1L Add together 2j, 3&» 5$. Explain why fractions are reduced 
to a common denominator in addition. 

12. What is meant by (a) the numerator, (ft) the denominator of a 
fraction^* Prove that 4 = i, and add together *0 + -\§ + jV 



14 


WORKSHOP MATHEMATICS. 


Add together 

13. J> ]» 5 ttni l cV 14. ‘ 2 $, lj s n 5-jfV and 

15. JJaimiJ!- 16. r>,w ..&8 »»<»'«' 

17. sji !•!• lj ami |. 18. i;,S?»nil-{;. 

19. 4,V 2-15. 3.! IHI.1 ,V 20, 2‘, u, .15 1 ami J. ■ 

21 . I&»!1 52 ami 1 iV 22 . <■!.'. j,lS5 arnl ,V 

23. Wh it i. tiic ililli'ieiiee li' livnm tiio sum of a + : ami tlierfium 

<’f i + 1 : - 

24. Fiml tlic Hum of tip 3 1 t *. 

25. Wii» 1 . nnmbor mldcil to t j '!■ 1 a will make ,7a If j ? 

Fiml tlie liitl' ivtu'e itot with 

26. I-J +5 7 ami 5 +'| + J + ;. 

27. H .',+ ! + • ami \ - \ + J - I- 

Find t ho value of 

*o. + ;i .14 SO * 11 * 29. i + I o + i? + 1 If + - I j. 

30. I + i + i! + .- J« 31. Subtract 33 from , 4 , of 2yy. 

Multiplication of Fractions. —To multiply a fraetion by any 
whole number , either multiply its numerator by the nvmber y or 
divide its denominator by the number. Tints, suppose the fraction 
is f and we require to multiply this ny 4. As already explained 
jf means that tins unit h divided into vS equal parts and 3 of 
these equal (Kilts are taken. But 3 such parts multiplied by 4 
will give ^ (mi Us, that is, 12 eighths of the unit, 

It is easy to prove tins by reference to the scale of inches (Fig. 
*2), and also to show that the result would lie the same if, 
instead of multiplying the numerator by I, the denominator 
were divided by that number. 

Again, reduced to its lowest tmfts by dividing l>oth 
numerator and denominator by 4, becomes .>}; but this result 
would also l>o obtained if the denominator of the fraction g 
were divided by 4. *, 

It will also Ik 1 obvious that the process of multiplying a 
fraction by any whole number is the same as adding together a 
corresponding number of fractions, the denominators being the 
same in each case. 

iV x3 ~-h + 2 7 i Wt, or 31 = 1. 
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The result, which may Ikj obtained either by multiplying the 
numorator of the fraction by 3, or dividing the denominator by 
that number, in Rip same. 

Division of Fractions. - To divide (t fraction by a whole 
number , either divide the numerator In/ (he number , or multiply 
the denominator In/ it. # # 

To divide the fraction > by 4. 

As shown on p. 11,2 .\i- the latter fraction meaning that the 
unit is divided into 3:M-qual puts and 1- of these pirts are 
taken; dividing these 12 parts by 4 we obtain three such parts; 

3-5-4-r.ft; 

This again should be verified by means of a foot-rule. 

Divide )|f by 4. 

Dividing the nmueiator by 4 we obtain the fraction 
multiplying the denominatoi by 4, the fraction becomes J.j, and 
this when reduced to its lowest teinis gives the same value as 
before. 


M 


To multiply a fraction by a fraction. - The rule, is : Multiply 
the numerator* together to obtain the numerator of the product, and 
the denominator * to obtain, the denominator of mi eh prndurt. This 
can be shown to l>e true in^tny particular ease in the following 

s * or it w sometimes written £ of l. 

Using the scale of inches (Fig. 2), as the distance from a to 6 is 
the unit, the distance ac will Is- represented by jjut we are 
directed to bike $ of this distance, 
and | of this half unit is y\ of the 
whole distance; hence 2 of I = fa- 
To show that £ of jj -- fa. 

This inay be dime in a similar 
way to the als>ve, or as follows : 

Construct a square A BCD of side 
equal to 5 units of length (Fig. 3). 

Divide the base BC into 5 equal 
parts and through the points of 
division draw lines at right angles 
to BC as shown. Divide A B into 


H 


E 


B 


D 


G 


Fig. 8.—To show that 

t of 1-iV 


3 equalmrts. Then AM ME is \ of ADFE. But A DFE is $ of 
the square ADCB . Hence AMNE is £ of § of the square 
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A DC/). •Hut from tin* figure, since the square is divided into 
lfi equal j»arts, ami AAfXE contains H of these parts, hence 

AMXE x \ A fit'll, • 

l of * S 

When three or mme fractions have to be multiplied together 
the product ot all the numeiators apd of all tin* denominators is 
obtained, these results are used as the numeiator and deiiojuin- 
ator respectively of the required fraction. 

;!xVx! V 


Cancelling. In tin* above example, by eaneeUiiuj common 
fact»iis tie* woih is jH'ifoimed in a simpler manner than by 
attempting to multiplx all the numeratoi's together to foim a 
tujxv numerator, and tin* denominators together to form a new 
denominator. Wheiever possible it is advisable to write down 
all tin 1 terms, ami before multiplying or dividing to cancel the 
common lei ms in both numeiator and denominator. 


Division of a fraction by a fraction. — To divide one fraction 
by another invert the divijtor and innftijify the other fraction hy it.. 
Since division is the reverse of multiplication, J divided by f 
(written j : $), means such a fraeti<Hi which when multiplied by 


8 will give as a nsult J, and the mi tutor is 


3x« 

4x2" 


j, or 3. 


Simplification of fractional expressions. -Hie simplification 
of f met ions, althougli in some eases rather tedious, is of gi-eat 
importance. The following examples will serve to illustrate 
•Home of the methods adopted: 

•: + & + }• 

Hero the equivalent finetions toeotno f ^ ^ and 
the sum |.] is obtained by adding the numeratoi’s. 


Er. 1. Which of the two fruitions » and j is the greater? 
The first is equal to jj;', the seeoiid to jj J. 

Hence the first is the greater. 


Er. 2. Find the value of * of 6® of ] »• 
Here, £ of (>j of {? ~ jj x -f x -j-* , 

“IT “3, T 
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Ex. 3. 


Simplify r 

• 4 


_ 1 . 1 _ 

fi + ft 
i . i _ l 

5 + * { 


» _ 0 I a _ i 

_!io jnr+j* iff 

; „ 4 . W _ 8 , I 

0 2 0 + 7 U 7 2 ' 16 


1 


AV. 4. Simplify 


i 

.iff' 
2 ff + . 

___ 7 2 O x H 
"vox «fcl 

0 f / 4 1 

n (, niiir 

i+5 

'•» y / 4 l .. U 

l i x ' 1 ft 2 Hi 
it i a 

l * " l 4 
119-117 * 


:i+fi 

__ 0 o _ 

111 .Ml + 1 "(M 4 R 
'2 + Irt " 7 2 0 


v:#<> f <4?-‘4 +tU 


x(l> 


x(i? 4*1,) x 7 y ,H 


EXERCISES. IV. / 

1. Explain what, in meant hy the statement that £ is three timen 
as great as ./ 4 ; also give a demotion of multiplication which Bhall 
include the multiplication of one fraction by another. 

2. State and explain the rule for the division of fractions. 
Divide 33* hy 7 a *. and bring the result to its lowest terms. 

3. Find the quotient of y divided by 1i\, and divideAhe result 

by sV 

4. Multiply together 8 / 4 - of 1 .35 and Sy of 11 {o* 

6 . Divide 10J g by O/g and the result by 

6 . Divide the difference between 4 jj# and ijsj l»y the sum of 2® 

and l|- • 

7. (i) Multiply together lg, 3*, lg, and </q. (ii) Divide 2\£ 
by 8 y. 

8 . Divide«*■+2fl-3 2 4 i by2,', +3? -4?. 


Simplify ’ v 


n t»f® IS 
® !onJ ”• 

11. f ^ - TT + ft ” S3- 

W.M. t. 

10 . 1 ! of 2 j of 3j of 

12. 2? of 13? of 7ft - }■ 
B 
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Simplify 

13. | of 
2 + fof5f 
| of | 

1 _ J II 1 

» + i i + l : + ,. 

> .4ii+sS : 

lj + ' ' 4]+3 ' 


IS. 


19. 5,5 of. 


14. ii of 2} of J of 10i - j j. 

18. (3}+25+5j)x25ofl!f i) -|‘. 

o' _ 2 f < 5 

of i ifSS. ig, it a '« 


20 . i‘t Of. 


1?. + 


2 ] 

a. (ii 3-J + ,W* + 5; 

(ii) rf(4i-8j + iU 

«+5 n 
Find tin v.ihio of 
oo °T-3, n j , 

a 25+32 * 79 ’- 
14. (2j of 5?) + (a‘ of 9',)-10,12. 


5 of 3j + J-. 

5 ,5 + 35 

1 ■ 6]+105 


2§j»nj5-3, 
4il-2j 


17? 

iO. , 

*u 


+ 2 ? x ( 9.5 


». 4of4j.rf*t»±j, 

' ' T jr 


J 

i _ 3 

1 31 


27. How many times is the difference between 


E and * ®L? 
5 of 4j 


contained in their sum ! 

28. By how much i. - i + J - ^ gl iatnr than ^, 

Add together 

i» ff» 7* TI and yg. , 30^ yj, and A* 

31. f. f. i» A and JJ. 32. A+A+A+A+A* 

33. Of a regiment of soldiers, ar ® killed or disabled in the 
firet battle, -j |ths of the remainder in the second battle, and Aths 
there a? fort? “ thethlrd ; if 5,2 men m left, hov^many were 
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MISCELLANEOUS EXERCISES. . 

1. Kind the buJi of .'i \,!, 2jj, 1$J. 

2 . *Ifivide xV °f 5 8 hy 7] »• 

3. Multiply together 4 \\ of of 3 3 ami fij of^ j“. 

4# Subtract 1 & of 3, 4 5 from ' 11 . 

3.1.9 

5. Subtract from 3* of 191 4 ■ 

. 

6, Divido 3.j of 1hy o! aud the result hy 1 “■ 
Reduce to the simplest forms • 


7. 


CT 11 0 + ‘ 

<S{) »■(««•>) ' 


9. (.1 of \ 7 ] - 5 of }) x 7 of j. 

, n 1*| ...» 

Ilir of + l«e 

5+2'i of Si 11$ , , 

1L 30-9A^4 t ffl? f( ® 5 ’ 

10 ** |- »TT of lOi’i , (5j -- S|)_of 2| 
Si + ffI of 1 ''11 i If of ( 2 J + 1 J) 


16“ 19 10S , , j 

, +7T-, a o' tT 
7 -*i 1 

tfsffy 


13. 


11 171 


100yV ~ 9lj >\ _ 3 y Hr 6 5 of l 5 J 
27 t \ +2}Tj ~ 1 of 263 + 48j 
3i 


SF5 


i_ ,5g . 4 - (3j - l|) _ 

3u “2^ + 77 


16 . - 7 f-of «* - ^ - 4 - ^- ^ . 

4 tt 3* ~ 2* of n 9 

1 A -?of U 0 L 3 ?. 

•» * •3fof|+2l 

17 1 + (l°f f yjlil, 

17. (t«IT 
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Reduce to the simplest forme: 

18. A of 4 ft ®f TT i .'1+S* 

4 + f. + « 


'i i » a _ a 

1Q 

itf. a a " a . * 
ft “ 4 ft + s 


20 . 


+ 


i _ I . i _ -i ' 
4 5 +ft 4!f 


21. rn !; 


of ? ; of 585. 

1 Ill 

i 6 + T 

22. What number is that from which if - j o be deducted and 

4 * 

to the remainder u , lie uddcif, the sumrfvill be 3*jjj 1 

l 4 

3' 17 * 

23. Simplify the expression "|x J . 

7 4 5 iV 

24. The price of coals rises from 15s. 9d. to 18s. 6d. per ton. 
What is the extra expense to a firm laying in 24 tons, jin amount 
Which is ' less than their usual supply ? 

26. Add together 2.1, 3*, and ill. 

28. (i) From 8- ttike 0* \ (li) multiply 4g by Jft. 

27. Simplify (0? + li) : (3 ; \ -2’). 

28. The value of a ship and its cargo is £17,000, if the value of 
the eargo is seven times that of the ship, find the value of the 
cargo, and the ship. 

29. Two taps can separately fill a cistern in 9 and 12 minutes, 
and the waste pipe ean empty it in 8 minutes. How long will the 
two taps together take to till the cistern when the waste pipe is 
0|KJI1 ? 

30. A*man pays a tenth of his income in rates and taxes, and a 
twelfth in insurances. He has left £492 13s. Id. What is his 
income f 


31. A sovereign consists of 22 parts bv weight of pure gold to 
2 parts alloy, and it weighs 123*274 grains troy. Neglecting the 
value of the alloy, what is the value of pure gold per ounce troy to 
the nearest penny ? 

32. A can reap $ of a field in 2jj days. B can reap £ of the field 
in 4® days. In what time can* A and B reap it when working 
together! 

33. A cistern can be emptied by one tap in 4 hours and by another 
tap in 6 hours. In what time will the cistern be emptied when 
both tape are opened ? 

34. Three pipes are used to fill a tank. It is’found that the first 
tap will fill the tank in 3 hours, the second in 6 hours, and the third 
in 0 hours. What time will be required when all th^ee are need 
together ? 
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35. If { of a plot of land is worth £36, what is the value of the 
whole plot ? 

36. Reduce £3. fts. 8d. to the fraction of £7. 

37. 7 f, yards of flannel cost £1. 6 s. iOd., wluit is the price 
per yard ? 

38. Simplify (i) y + ?, + ?- VoV 

• («») (}?-S) 4(65 + 1^). 

39. Find the sum of » of*l<ls. lid. and of His. 8d. 

40. Simplify (,' t J -}) !£. 

41. Add together 5 of £1, of 18s (id., and of (is. 5d. 

42. A tonk when \ full of oil weighs 3 Ihs 15 o/., and when ^ 

full woigns 7 lbs. Find the weight of the tank (»i) when empty, (ft) 
when full of oil. (L C.U7] 

43. A piece of land consists of 2 .] acres, j l rt of it is occupied by a 

house, ^ of the remainder as a kitchen garden, and the rest os a 
paddock. Find the area of the paddock. [N.U.T.] 

44. A roll of calico ih 32 \ds. long; 20 yds aie cut off. What 

fraction of the roll remains? If the lemainder is worth 7s. 3d., 
what was the value of the 1 oil v [N.U.T.] 

46. A penny weighs J or., and consists of an alloy of 05 parts 
copper, 4 parts tin, and 1 rmc If copper is worth £66 per ton, tin 
£170 and zinc £25, find the value of the metal in 240 pence. [L.C.U.] 

46. The difference l*etween a quarter of x and a sixth of x is 1 '7 
inches. Find x in feet. <N.U.T.] 


Summary. 

A Fraction is a part or parts of a whole. 

To add or subtract Fractions.— -Rcduoe, if necessary, to a common 
denominator, then add or subtract as required and place the sum or 
difference over a common denomjpator. 

To multiply Fractions. —Multiply the numerators together for a 
new numerator and the denominators for a new denominator. 

To divide Fractions. -Reduce, if necessary, both fractions to a 
simplo form, invert the divisor, and proceed as in multiplication. 

To reduce a Vulgar Fraction to Its lowest terms.— Divide both 
numerator and denominator by any factors common to both, or find 
the o.c.i^ef numerator and denominator, and divide both by it. 
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DECIMAL FRACTIONS. 

ADDITION, SUBTRACTION, MULTIPLICATION, A^D 
DIVISION* OF DECIMALS. 

A Dktimal Kkaotion is a fraction in which the denominator 
is some power of 10, such us 10, 100, 1000, etc. 

Decimal Fractions. Inn number such as f>r>55 (five thousand 
five hundred and fifty-live) it is seen that the sainoffigure ia 
'used throughout, but the values of the different fives vary con¬ 
siderably. For every place a f> is removed to the left its value 
is increased Urn times. Or, in reading a set ■of figures from 
left to right, each figure has one-tenth the value it would have 
if it were moved one place to the left. 

Decimal fractions are obtained by using the same notation to 
indicate numliers less than unity, <£>ch digit having one-tenth of 
the value that it would have if it stood one place farther to the 
left. Thus f) . r )f>5 means 5 +• + \ {/W- Die point used in 

this notation is called the decimal point, or simply the point. 
The abo^e number would Ik* read as “five, point, five, five, five.” 
In a similar manner, 8 073 would lie read as eighty pointy nought , 
seven, three. 

By means of the foregoing explanation the following table, 
giving in a few' cases the relative values of the digits to the left 
and right of the decimal jxfint, will be readily followed : 

% 



4 3 2 1-2 3 4 5 
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Addition and Subtraction of Decimal Fractions.- 1 -When 

decimal fractions are used, the simple rules of Arithmetic can 
bo applied readilyfend easily. The addition and subtraction of 
decimal fractions are performed exactly as in the c^se of wholo 
numbers; the only precaution necessary to prevent mistakes is 
to keep the decimal points under each other.. The following 
examples will show what is meant. * 


Ex. 1. Add together 36 *053, 
•0079, 00095, 417-0, 85-5*03, 
and 00005. 

36 053 
•0079- 
00095 
4170 

' 85-5803 


4> 2. Subtract 578 9345 from 
702-387. 

702-387 

578-9345 

123-4525 


00005 


538-64220 


In each case the decimal points are placed under each other, 
and the addition and subtraction arc carried out as in the case 
of whole numbers. 


EXERCISES. VI. 

Add together 

1. 00946, 8-0203, 156 98, and 45 9876. 

2. 131-121, 2-86754, 00102, and 63-2059. 

3. 28-489, 1-2687, 342 76, and *00923. 

4 352-789, 1 0021, 11-4218, and 0102. 

5. -000495, 16-96, 5 043, and 60 001607. 

8. 226-918706, 21 0674, 3 09631, and -25732. 

7. 47*01913, 635-77, 00187, and 3520. 

8 . -6183, 151-65, 900074, and 58 0961. 

9. 362-134, 031427, 3 076, and 4087. 

10. 0487, 151-65, 9 00074, and 64*4683. 

1L Add to the sum of 13 0009, 4 5672, 1 89, and 007999 
quantity which shall make a total of 20. 

12. Add together -7055, 324-88/7 08213, and 0621. 

Subtract *• 

13. 07063 from 1003032. 11 21342071 from 3014603527. 

15. 28-3097025 from 4109317. 16. 28 7643 from 37'593165. 

17. 30-8M62 from 75 4017. 18. 53 58107 from 6102005. 

19. 49 CTO3 from 8602307. 
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Add together 

20. Ml'0764, 2-987613, 0047 and -4698732. 

21. 47-003, 99, 910009, '999 and 00034321. < 

22. 2 0013, J17-0983, 47'231801 and -04713283. 

23. 504-003, 047025. 37'0078 and 14-80007. 

2t 43-587, -60935, 501097 and 1-8320. 

• • 

Subtract 

26. 357-908 from 5032 07. , 26. 120-6398 from 431-265. ‘ 

27. 15 01853 from 47 06. 28, 48098675 from 121 0768. 

29. Add together 11-9256, -1)0946, 8 0203 and 125-687. 

30. Subtract 436-937 from 501-0258. 

31. Add together 4-0255, -60843, 4307 0582 and 327-8645. 

32. Add toother .T10765, 537*063 mid ’84379. Subtract the 
result from 601 0173 

33. Ail<l together 4‘(H)607, ‘617034 and 376*473, and subtract the 
result from 4(X>. 

Multiplication of Decimals. - The process of multiplication 
is carried out iu the .Mine manner as in the ease of whole 
numbers Commencing from the light., as many digits are 
pointed oil’ in the prodint as there are digits following the 
decimal points iu the multiplier find the multiplicand added 
together. 

Ex. 1. 36 42x4 7. 

Multiplying 3642 by 47, we obtain the product 171174. As there 
are two digits following the decimal point in the multiplicand and 
one digit following the decimal point in th« multiplier, we point 
off three digits from the right of the product, giving as a result 
171174. 

Ex. 2. *000625 x -006. 

Here 25 x 5=126. 

In the multiplicand there arc 6 digits following the decimal point, 
and in the multiplier 3. Hence the product is '000000125. The 
positions to the right of the decimal point, occupied by the six 
digits and^ the three digits referred to, are often spoken of as 
“decimal places”; thus *000025 would be said to consist of six 
decimal places, or two significant figures. 

A similar method is used when three or more qualities have 
to be multiplied together. 
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Ex. 3. 2-75 x -275x27 5. , * 

The continued product of 275 x 275 x 275 is found to be 20796875. 
Now there are twi decimal places in the first multiplier, three in the 
second, and one in the last. This gives a total of (i decimal places 
to lx?marked o(F. Hence the required product is 20 796875. 

In addition to applying this rule for determining the number 
of (||*eimal places, the student should mentally veiify the work 
wherever possible. Thus, in the pboxe example, by inspection, 
it is seen that 275 is lfrarly and \ of 27 is 9. This result 
multiplied by 2 shows that the final product will eontain two 
significant figures, followed by decimal places Rough checks 
of this kind often pr»*\«*nt absurd mistakes finding their way 
into the work. Moivoxer, they lead the student to lely upon 
his own worked .uifweis. « 

Ex. 4. 73 0214 s 05031. 

The product obtained as in previous cases is 3*673706634. 

In practice, instead <»f using the nine, decimal places in such 
an answer as this, an approximate result is, as a rule, more 
valuable than the accurate one. The approximation consists in 
leaving out, or. as it is calfcxl, rrjrctnyj decimals, and the result 
is then said to lx* true to one, two, three, or more decimal places, 
depending ujsm the number of decimal places which are retained 
in the result. The rule adopted when decimals are rejected is 
as follows: If any rejected figure is 5, or greater tjmn 5, arid 
one to the pieeeding figure ; but if tho rejected figure is less 
than 5, the preceding liguie remains unalUnsl. 

Thus, in the last example tin* result true to one decimal place* 
is 3*7 ; the rejected figure 7 l>eing greater than 6, the preceding 
figure 6 is increased fyy unity. The result true to two places is 
3*67; the rejected figure 3 is less than 5, and the preceding 
figure is therefore unaltered. In a similar manner the result 
true to three and four decimal places would be 3*674 and 3 0737 
respectively. * 

When, as in Ex. 2, the result is a decimal fraction, the decimal 
point being followed by a numlx-r of zeros, the numlier of 
decimals must obviously be sufficient to include one or more 
significant figuies. Thus, in the. example referred to, the throe 
significant figures 125 must be retained. 
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EXERCISES. Vlt. 

1. Show that the number 32-1065 will bo multiplied by 100 if 
the decimal point ho moved two place, to the right. 

Multiply" 

2. 8-03 hy -008. S. '001* hy -008. 

1 1 905 hy -005. 6. ya-026 hy 2 000099. 

6 . ’7281070 fjy 096008. 7. 14 95 hy ’00734. 

a 1692 hy 9007. 9. ’002897 hy 3020. 

10. ’47923 hy 90-24. * 11. 423 *00 hy 00785. 

10 47-308 hy 17’li909. 

13. Multiply 4112 by 4)25 and the product by '0019. 

Multiply 

14. 13 064973 by 26 035. 15. 150*079 by 14 00014.' 

16. 4032700 by 0172. 17. 7 51 by *0016. 

1%. *0625 by 1 74. 19. 049 by 3*417. 

20. 10*02 by 0007. 21. 32*47 by *0033. 

22. 2*574 by *00005. 23. 12 345 by 00014. 

24. Multiply *671 by •42 and by *0420. 

Division of Decimals. The division of one quantity by 
anothor when decimals enter into the operation, is performed 
exactly as in the ease of whole numbers. The process can be 
best explained by an example as follows : 

Ex. 1. Divide *7 by 176. 

This may be desonliod as finding a numl>er, which, when multi¬ 
plied by lip, gives the product equal to 7. 

Though decimals may be divided as in the case of whole numbers, 
care is necessary in marking off the decimal point. In the present, 
ami in all simple cases, the position of the decimal point is evident 
on inspection. Practically, it is often convenient to multiply both 
terms by 10, or some multiple of 10—100, etc.—and so obtain at 
once without error the position of the unit's figure, and hence of £he 


decimal point. t 

Thus in the above example, multiplying 1*76)7*00(3*97 
both terms by 10, we have to divide 7 by 5 28 

1*76, and it is at once seen that the number 1 720 

required lies between 3 and 4. This deter- I 584 

mines the position of the unit’s figure. As 1360 

7*0 is unaltered by adding atiy number of 
ciphers to the righ£ we add two for the . 1280 

purpose of the division : multiplying l*76,by ^ 
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3 we obtain 5-28, which, subtracted from 7'00, gives a fem&inder 
1'72; to this we affix a cipher and carry on the division as far as 
necessary ; whenfthis is done, we find *7 -f 176 = 3•9772727. 


It^ will be seen that the ordinary method of performing 
division necessarily requires considerable sj»ace t especially when 
there are several terms in the quotient. 

Italian Method.—Another method, often referred to as the Italian 
method, in which only the results^>f the several subtractions aro 
written down, is often usdH, the method of procedure is as follows: 
Note, os before, tlmt I 76 will divide into 7 ; 
then since 3x6=18, the 8 is not written down 
but is intend mentally subtracted from 10, 
leaving 2. Next 3*7—21 and 1 carried 
makes 22; the 2 is again not wiittcn down, 
but instead, after the addition of unity from 
the last process, we say 3 from 10-7. In a 
similar manner the remaining figure is obtained ; the next row of 
figures is arrived at in like manner and so on Comparing tho two 
examples it will be seen that as at each step of tho work one line of 
figures is dispensed with, the working takes up far less room than is 
the case in the ordinary method. 


1 *76) 7_*00 (3 *97 

Ym 

1360 

128# 


Recurring Decimals. 'Hie above example illusl rates another 
important pdiut, viz., that although the quotient may in some 
cases consist of many digits following the decimal jmint, it may 
come to an end eventually ; but in other cases, the quotient goes 
on without end, and is known as a rernmiuf decimal. It is not 
often necessary in practical calculations to continue any operation 
in decimals to more than the third or fourth place, and in th^ 
majority of cases, if the quotient is correct to two significant 
figures it is amply sufficient. In the previous example, the 
quotient correct to tSe second decimal place would be 3 98. 

It is obviously had in principle to use more figures than are 
essential for the work in hand; for they are not only unnecessary, 
but give additional trouble, and also increase the risk of making 
mistakes. In many cases, students are foupd to work with ten 
or more decimal figures, when, owing to errors of observation, 
or measurement, or to slightly incorrect data, even the first 
decimal place may not lie trustworthy, ^tt is, of course, in¬ 
advisable to add an error of arithmetic to an uncertainty of 
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measurement or data, hut even a wlight error is preferable to 
working out ten or fifteen places of decimals to a practical 
question when two or three decimal places at mflst are sufficient. 

EXERCISES. VIII. 

Divide , • 

1. 0468 by *20 25. 2. 7 777 by 35*35. 

3. •1154*255 by 00115. * 4. ‘26 751 by 0000*25. 

5. 5*4 by -0007'2 and the quotient by 1470568. 

6 . 3*4*25 by -00219*2. 7. 157*875 by 30 K. 

8. 36*2*97 by *00545. 9. 8*1*25 by ‘2*175. 

10. 005 by *4*25. 11. *25 by 003*25. 

12. *00*2346 by 0018*25. 13. 0*0*2*25 by *2*2*5. 

11 ‘2*2*5 by 9*0*2*25. 15. 00 015 by 200. 

ft. *0(X)0594 by *00*21. 17. 13*5 by 001125 and veiify the result. 

18. 08671*2 by 25*6n3. 19. 712*8576 by 28560. 

20. 360 221*286 by 808*08. 21. 51*2705 by *0205. 

22. 3565*345 by 36 05. 23. 14*250 by 582. 

24. ‘21 *06 by BPS. 25. 70682*44 by *0172. 

26. 18506*508 1»y 08760. 27. 3681 * 15133 by 90 (K)37. 

28. 1 *047034 by *030*2 29. 178 6686 by 0642. 

30. 0141000 by 47 003 31. Kh>7 *5 by *875. 

32. 0325 by 6 5. 

33. From a rod a yaid long, portions each *057 of an inch long are 
out off. How many such portions can he out off, and what will bo 
the length of the remaining piece ? 

34. Divide the product of *035 and *0056 by 00007. 

35. How many times can *013 be subtracted from 125*78, and 
what will lx? the magnitude of the remainder ? 

36. The length of a at up of plate is 14*578 inches. Neglecting 
the loss in cutting, how many pieces *053 inches long can be cut 
from it; and what will ho the length of the remaining piece ? 

* 

MISCELLANEOUS EXERCISES. IX. 

1, Add together 18*3 and 21*005. Subtract 17*099 from 25*1 
and divide the former by the latter. 

2, Divide the product of 851 and *00016 by *032. 

3, Find the value of (65 - 39 *61) x 39*61. 

4, Find the product of 1 *005 and *097 and the quotient of *0036 

divided by *0144. * 

5, Find the product of *0256 and 1 *0071 aud divide th^prodaefc 
by *2*7975. 
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0. Multiply 91 *77 by *091 and divide the product by 1*73. 

7. Multiply 02019 by 52 03, and divide *0431 by 1)044. 

8 . Divide (i)f 0175 by 175,‘and (ii) 17 5 by 7 0175. 

9. Multiply and divide 4203’IK by 2*3175. 

if). Kind the value of (2 37 x *093) ~ ’0005. 

Divide 

11, -75 by 8 and •>•5 liy 3-2. 12. I by •013 amT 00012 by 007. 

ft, 21170 by -0073 and 1)257 by 0041. 

14. 1720 by -142 and 17 115 by *187. 

15. Divide '730 by 2 85 and 2 85 by "036 Find the product 
formed by multiplying the two quotients together. 

16. Find (i) the product of 11)03 multiplied by 0 097, and (ii) the 
quotient of •0030 divided by 0144. 

17. Find the \ ulue of 

(01 ' 0 01 : -0002) - ( 0375 x 4 -125). ♦ 

18. Divide 02x0 3: -00012 by (57I0X ^) + (03 x 1 2 x »). 

19. Reduce to simplest form the following . 

( 002 36-25-:-1)29) - (102 85 x lit : 1 "). 

20. (-0011 x 091 v 1KW5) 4 ( 015 x 507 v 39) 

21. ( 0057 x 2 09 4 :461) ( 00165 x 1)77 4 0105) 

22 Find the produet of i)256 and 1 -0071, and dixidc the product 
by 2-7975. 

23, Reduce to its simplest form 

1 1931 4 5-82 
•225 f 2666 

* 

Summary. 

Decimal*.—Addition and subtraction are performed as in simpte 
addition and subtraction ; the figures are set down no that the 
decimal points are one above the other. 

Multiplication of Decimals. —Proceed as in the case of the multi¬ 
plication of whole numbers, and when the product is obtained, point 
off from the digit on the extreme right as many decimal places as 
there are in the multiplier and multiplicand together. 

Division of Decimals.—Make the divisor a whole number by 
moving the decimal point as many places to the right in both 
divisor and dividend as may be necessary. Proceed as in the 
division of whole numbers, inserting the decimal point in the 
quotient as soon as in the course of the work any figure is used from 
the decimal part of the dividend. * 
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CONTRACTED MULTIPLICATION AND DIVISION. CON¬ 
VERSION OF VULOAR TO DECIMAL FRACTIONS. 
RKCURRINO DECIMALS. DECIMALS OF CONCRETE 

* QUANTITIES. 

Contracted Multiplication and Division. —The results of 
all measurement* arc at the Lest only an approximation to a 
true result. The accuracy of expression is, it is true, increased 
by extending the number of decimal figures in the result, but 
it should be carefully noted that the accuracy of any result does 
not depend on the number of decimal places to which the result 
is calculated, but it does dejn-nd on the accuracy with which the 
measurements or observations are made. 

In any result obtained the last decimal place may not be 
accurate, but the figure preceding should be as accurate as 
possible. It ia therefore advisable for the aake of accuracy to 
&urry the result to one place more than is required in the result. 

It is at once evident that loss of time will be experienced if 
we multiply together two numbers in each of which several 
decimal figures occur, and after the product is obtained reject 
several decimals. Especially is this the ease in practical ques¬ 
tions in which the result is only required to be accurate to the 
firet or second place of (jecimal$. In all such cases what is 
known as Contracted Multiplication may be used. 

Contracted Multiplication.— In this method the multiplica¬ 
tion by the highest figure of the multiplier is first performed. 
By this means the first partial product obtained is t^ie most 
important one. 
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The meth<xl can be shown and lx»t understood by aff example. 
Ex. 1. Multiply -006914 by 8*652. 

The product of the two numtiers can of course be found by the 
ordinary methods ; and to compare the two methods, “ ordinary ” 
and “ contracted," the product is obtained by both processes : 


Ordinary Mfthod. % 

Contracted Altthod. 

6914 

6914 

' 8652 

s 2568 

13S2.J 

55312 

34570 

4148* 

41484 

346tfl 

. 55312 

I4W 

059819928 

*059820 


The ordinary method will be easily made out. In the controlled 
method it will i>e seen that the figures In the multiplier are reverted, 
and the process continued as follows : Multiply first by 8, so obtain¬ 
ing 55312 ; next by 6 -thwstep we will follow in detail- 6 x 4-24, 
the 4 is not written down (but if written down it is cancelled as 
indicated), and the 2 is carried on. Continuing, 6x1=6, and 
adding on 2 gives 8. Next, 6x9 - 54, the 4 is entered ; and 6 x 6 is 
36, this with the 5 from ilk: preceding figure gives 41, hence the 
four figures are 4148. 

In the next line, multiplying by 5, we can obtain the two figures 
0 and 7, but os these are not required unless there is some numl>cr 
to be carried, it is only necessary to obtain 69 x 5, and ^vrite down 
the product 345, add 1 for the figure rejected, making 346 ; finally, 
as 2x9 will give 18, and therefore we have to carry 1, we obtain 
2 x6 = 12, together with the one carried from the preceding figura 
gives 13, add 1 for the figure (8) rejected, which gives 14. Adding 
all these partial products together we obtain the product required. 

Thus, in the second row one figure is rejected, in the next row 
two figures, and in the last row three figures are left out. 

It must be noticed that when the rejected figure is 5 or greater, 
the preceding figure is increased by 1 , also that the last figure of the 
product is not trustworthy. Having ndled (or cancelled) the rejected 
• figures, as will be seen from the. example, the decimal pqint is 
inserted as in the ordinary method, i.e. marking off in the product 
as many decimal places as there are in the multiplier and multiplicand 
togethej. * 

Though the multiplier is very often revereod, lids is not neoe* 
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anry, cxdt ipt to avoid mistakes. The multiplier may be written in 
the usual way, and the work will then proceed from the left-hand 
figure of the multiplier, i.e. the work is commenqpd by multiplying 
by 8 and not by 2. 

EXERCISES. X. 

Multiply 

1. 250-635 ty 8 058. 2. *89-8998 by 3047. 

3. 240-33 l.y 7-0923. 

4. Multiply together -543, $43-2 :uul 43008. 

Multiply 

5. 03-0843 t>y -IK)2.-i 6. 82-009 by 3-085 

7. Multiply togelher 1 073, 003-2 and -Oil. 

Multiply 

. 8. 10-5034 by I -02. 9. 42-359 by -623. 

10. 58-301 by -758 H, 17-4987 by -37004. 

12, IBS-03 by I-0009. 13. 0008(179 by 490-038. 

14. 580-0007 by 3 1008. 15. 4-86923 by -007035. 

18. 8-019.8 by 1101077. 17. 41-0027 by 31 003. 

18. 500 173 by 110370. 19. 471-013775 by 420-17. 

20. 709-285 by 1-00(19. 21. 8561 (12 by 5-00.39. 

22. *-0057632 by 2-873. 23. J-3129 by 46000. 

24. 17-081 by 3 00091. 

25. Multiply together 11, 11, -0011 and 125. 

28. Multiply together 275, 2-75 and 27 5 

Multiply 

27. -00734 by 7 164. 28. 807639 by 2873. 

, 29. 73 02U by 30 31. 30.-36-2894 by 803. 

31. 11-416 by 3 16. 32. 312 1875 by 26 -8. 

33. 28-395 by -ooi 11 . 

Contracted Division.— It is assumed that the student is 
familiar with the ordinary method of obtaining the quotient 
in the case of division, but the long process of division can also 
be advantageously contracted. 'The method of doing this will 
be clear from the following worked example. 

Sx. 1. Divide 03168 by 4-208. 

We shall work this example by tho contracted method alone. 

To begin with, the number 7 is obtained by the usual process 
of division. By multiplying the divisor by 7 the product 29450 
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is arrived at. When this is subtracted from 31680 thft rtjniainder 

2224 is left. It is seen that if we drop or cancel the 8 from the 

divisor 4208, thus obtaining 420, it can lx> 

divided into the remainder 2224, fi\c times. 4208 ) 31680 ( 7629 

In multiplying by 5 we take account of the 29456 

8, thus, as 5 x 8 is 40, we do not enter the 0 2224 

but carry on the 4 ; but 0x5-0, and adding , 2104 

4, we see this is the figure to Is? entered. 120 

Now^proceed to the next and the following 84 

figures, obtaining in the usual way 2104 , sub- 

tract this from 2224, and the remainder 120 is .16 

obtained. Proceeding in like manner with. 

the multiplier 2, we obtain 84, which, subtracted from 120, leaves 

36, and our last figure in the quotient is 9 liy the method described 

on p. 26 the answer is 007529. @ 

The above example shown that, the method of contracted 
division consists in leaving out or, as it is called, rejecting a 
figure at each operation. Any numlwr which would l>e added 
on to the next figure by the multiplication of the rejected 
figure is carried forward in tin* usual way To avoid mistakes 
it may be convenient either to draw a line thiough each rejected 
figure of the divisor, or to place a dot under it. 

EXERCISER. XI. 

Divide 

L 2515*611 by 0785. 2. 17*228 hy 684. 

3. 6*9691555 by 843*534. 4. 99*721 by *834. 

5. 64 *376 by 9 *573. 6. 2*873 by 48 607. 

7. 11 *7813 by *2724. 8. *304776 by 59 678. 

9. 3 *743 by 52*804. 10. 174*13238 by 5 *015. 

11. 2*821005 by 29 332. 12. 110246 by 20*003. 

13. 184*13 by 5*015. # 14. 155*7 by 358. 

16. 471 *0 by 1 -235. 16. 1 *5104 by 4013. 

17. 246*87 by *7777. 18. Ml by 8 0908. 

19. 42*266 by *05838. 20. 311 010 by *076359. 

21. 1*132041 by 24*0604. -22. 129*8 by 234. 

23. *1115 by 45 *9. 24. 108 *78 by 444. 

26. 147*5 by 235. 28. *013119 by 2 403. 

27. *39908 by 248*03. 2a 9*22 by *00375. 

29. *0222946 by 0*4065. 30. 4*0975 by *2980. 

SL 1604>y *0013. 32. 49*7 by *0025. 

W.lf. I. c 
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Divide* 

33. 00003 by 001. 34. 4*66131 by 596-8. 

36. 183*026 by 2 03. 

36. The sum of 1 •‘2354 and *763 by their difference. 

37. *049836 by I 3569. # 

Conversion of a Decimal to a Vulgar Fraction.— Having 

already found (p. 22) that 3 is merely a convenient way of 
writing , a 0 , and 03 of writing it will be obvious that in?the 
two canes just referred to ,•'{> and , {{^are the vulgar fractions 
required. In a similar manner 2 - and *t)2=|jj ft . In each 
ease the numerator and denominator are divisible by 2, hence 
we write ’2 — -- S, and 02 =- 

From a consideration of such examples we may state the rule 
for the conversion of a decimal into its equivalent vulgar 
fraction as follows : 

Title (fa 1 <fiten decimal fraction for the numerator ami for a 
denominator trrite doirn 1 followed In/ os many zero* as there are 
decimal /daces in the yiren decimal fraction; if necessary reduce 
the fraction so obtained to its lowest terms. 

Some Common Values. There are many decimal fractions of 
such frequent occurrence in praeticiAliat it may lie advisable to 
commit them and iheir equivalent vulgar fractions to memory. 

. Thu* -rn -»,%’h - 1: -1: -3"> -,% - IrS-ft-t; 

l 

It will*!* noticed that by remembering the first of the above 
results the other fractions can lie obtained by multiplying it by 
2, 3, etc., or in each case the result is obtained by mentally 
dividing the numerator by the denominator. 

Conversion of a Vulgar to a Decimal Fraction. - To convert 
a vulgar fraction to a decimal fraction, reduce the vulgar 
fraction to its lowest terms and then divide its numerator 
by its denominator. 

Ex. 1. 3 «= 3 8 = -375; 5 = 7 + 8= *876. 

Ex 2. a l o *= ■006W. Ex. 3. vVl “ '«2. 

In many eases it will lie found simpler and easier to reduce a 
fraction to its equivalent-decimal if the numerator and denomin¬ 
ator are first multiplied by some suitable number. 
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Ex. 4. Reduce . *q to a decimal. 

Multiplying 1.^4 we get i5uo UIN. 

In a similar manner | J „ '04. 

(3her examples can 1«- winked in like nmnner 

In some cases the figures in the <ju<*t«1«> not stop, ami we 
obtain what an* called recuhing (they ait*also called repeating, 
ami Hornet imes circulating) decimals. 

Kj. r>. \ :m . • 

The result of the diMsion is shown by as many threes ns we care 
to write. The notation If is used to denote thi** unending tow. 

Ex. 0. Again " k ‘GGG r -- *> 

In eaeli of these, and in similar caws, the equivalent vulgar fractions 
are obtained by wiiting 0 instead of 10 in the denominator, tints 
•;’{ - * - J, etc. In a similar manner \ 14‘2S. r >7, and these figures 

again recur over and over again as the division proceeds, hence 
7 •U*28f>7. 


When necessaiy to add or subtract recurring decimals, ns 
many of the iccuriuig figuies as ale necessary for the purpose 
in hand are wntten, and t^e addition oi subtraction jierforiiied 
in the usual manner. With a little pnntice the student soon 
liecomes familiar with the lmue uniimoii iec lining decimals. 

Any decimal fraction, such as A, i 12857, in which all the. 
figures mill- is called a pure recurring decimal ; # the equi¬ 
valent vulgar fraction is obtained by wnting an a numerator the 
figure* that recur, ami for the denominator an many ninen as 
there are figure* in the recurring decimal. * 

When tli'e decimal point is followed by some figures which do 
not recur and also by some whi< h do iwur, the fraction is called 
a mixed recurring• decimal, and the equivalent fraction is 
obtained bv subtracting the nun-recnrnmj figures from all the 
figures to obtain the numerator, and an many nines an there are 
recurring figures, followed by qfc many cyphers as there are non- 
recurring figures for the denominator. 

Ex. 7. Express as a vulgar fraction the recurring decimal 'l25. 
Here there arc two recurring figures ami one not recurring, 
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EXERCISES. XII. 


1. Reduce i'.j to ft decimal and prove your mc^iod correct. 

2. Prove that every fraction can be reduced to either a termin¬ 
ating or a circulating decimal, (live an example of each. , 

3. Reduce to a decimal 5 + * + i°o 4-^. 

Reduce to decimal fiact ions • 

4. S of 2 ;; 5. 6 of h of lj. 

6 . Kind the kuiii of “\} t + 4i % 1 ],* + 

Reduce to decimal fractions 

7. *t 0 1 • 8. 3 a f* + -75 of ; of r\. 

■ 9 . A + Hi + YoV- 

10. Reduce to vulgar fractions *305, ’125, ‘003.5, 8 06 and 8'75. 

11. Find the vulgar fraction which is equal to the sum of 15'3I25 
and j‘2‘0075 divided by their difference 

12. Find to fom decimal places the value of 

; + 2 + ? 

R 4- * 4- ** 

•2 + 5 + 7 

13. Reduce H + 2 + - lj to a single fraction, and convert that 

fraction into a decimal. 


14. Reduce to its simplest form 



a 7 

and convert the result into a decimal. 

15. K«dW ’-i! + ;~U + Ui. 

decimal. 




and express the result as a 


, 16. Explain what is meant by a Recurring Decimal, and find the 
vulgar fractions equivalent to the decimals 

143, 11 1234 and -0(134303 

17. Divide *27 by 75‘73, and express the answer as a decimal. 

18. Find the sum, difference, product and quotient of ‘96343 
and 3. 

19. Find the value of -3076 x 1-074 + -008. 

20. Express as a vulgar fraction 

21. Express the product of 4‘626 and ‘627 as a vulgar fraction 
in its lowest terms. 

22. Multiply -3142857 by -33. 23. Multiply -485714 by -113. 

24 Express the difference of ‘2485714 and ‘448571, also 1-5384613 

and ’070928, as vulgar fractions in their lowest terms. 

25. Express the quotient of ’45 divided by *0$8. 
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Decimal*! of Concrete Quantities.— It i« often n#ce«»ry to 
exprow a given quantity aa a fraction of another given quantity 
of the same ki*d. Thus, in the cam* of £1. 15s., it is obvious 
that 15a.- jig of 20 shillings, and thus ,£l. 15s. may be writteu 
£lf; or, as *2 = '75, we may also write £l. 15s. as £1*75. 

Ex. 1. To reduce lOd. to,the decimal of a pound, 

As there are 240 pence in Cl. 

.. required fraction is - £*0416 

Ex. 2. Express fi days 8 hours as the decimal of a week. 

As there are 24 hours in a day, 

6 days 8 hours 6^4 ~ 63 days, 

.. 6 days 8 hours ~ *904761 week. 

1 

Ex. 3. Reduce 3d to the decimal of Is. 

- 41A 

Ex. 4. Express in furlongs and poles the value of *325 miles. 


Here multiplying by 8 the number of furlongs in a mile, *325 
we obtain 2*6, and multiplying the remainder 6 by 44) (the & 

number of poles in a ftftoonc) we get 24 poles. 2*600 

Hence *325 mile-2 fur. L® jk>. 


24*0 

Given a decimal fraction of a quantity, its value can be 
obtained by the converse operation to that de*<ril>ed. # 

Ex. 5. Reduce 9 inches to the decimal of a foot. 

There are 12 in. in a foot. Hence the question is to reduce y\ 
to a decimal. 

.*. 9 in. - *75 ft. 

Ex. 6. Find the v-fyjue of *329 of £1. 

The process is as follows : First multiplying by 20 we 
obtain the product 6580, and marking off three decimals *329 

we get the value 6*580 shillings. In a similar manner 20 

multiplying by 12 and 4 as shown, we obtain the value of 6*580 

*329 of £1, which is read as 6 shillings 6 pence 3 farthings _12 

and *84 of a farthing. 6*960 

The result could be obtained also hy multiplying *329 _£ 

by 240, the number of pence in £1, giving 78*96d. and 3*840 
afterwards reducing to shillings, etc. 



38 


WORKSHOP MATHEMATICS. 


Kx. 7. Viml the number of foot and melton in -75 yard. 
Hero *7« r > x 3-2 25 ft., 

ami ‘25 ft. ’25 x 12 in. 

- 3 in. 

75 yard - 2 ft. 3 in. 


EXERCISES Will. 

1. Add together live sevenths, throe-sixteenths and eleven-ftW- 
tecntliH of a ewt., and express tne sum lu lbs 

2. Express its. 4Jd .is the doeminl of i'l. 7s 

3. .Subtract 035 of a guinea from I 127 of a shilling. 

4. Subtract 3 Of>2 of an hour from 1 ‘5317 of a day. 

* 5. Add together '0020 of a ton and 273 of a ewt 

*6. Reduce 'S7. r )2."» of a mile to feet. 

7. Find the sum of 2‘35 of 2.s. Id. and 0‘03 of t’6. 3s. 9d. 

8. Add together il of a guinea, * ( ‘, ol a half-crown, 1,.^ of a 
shilling and ,* of a penny, and reduce the whole to the decimal 
frat tion of a pound 

9. Express 3s 3d. as the decimal of 10s. ^ 

10. Add together ' of 4. 1 , guineas, t 01. r > and 3 {\ of 4; of 1$ of 
16s. 7d. 

11. Reduce 41V325 of C4. 12s. 5d. to pence and the decimal of a 
penny. 

12. Add^ together *0S3 of a wreck and '231 of a day, and subtract 
from the sum S•433 of an hour. Express the result in minutes and 
the decimal of a minute. 

13. What is the difference lietween '038 of a mile and of a 
furlong ? Express your answer as the fraction of a furlong. 

14. Add together '0021 of a ewt., ’043 of a quarter, ‘37 of a lb., 
and subtract the sum from 35'263 ounces.. (Jive the answer in 
ouuoes and the decimal of an ounce. 

. 15 ' Add the difference lietween *035 of a ton and 064 of a ewt. to 

* the difference lietween “27 of a qr and ‘78 of a lb., and give the 
answer in lbs. and the decimal of a lh. 

16. Add together '375 of 13s. Id. and '07 of £2. 10s., and subtract 
the result from '45 of £1. 

17. Express 6 ewt. 1 '125 qrs. as the decimal of a ton. 

18. Reduce £2. 15s. 63d. to the decimal of a jiound ; and find the 
' difference between *625 and *0625 of a owt. 



MISCELLANEOUS EXERCISES. 


MISCELLANEOUS EXERCISES. XIV. 

1. The Quotient in a division is 479, the dividend is 3476418 and 
the remainder is 794 ; what is the divisor ? 

2. Subtract of 2, of £3. ««. 6.1. from -047.5 of £100. 

3. A gallon contains 277'*274 cuhieinehes. Kind to three decimal 
places the number of gallons in a cubic loot 

<L Kind the product of 0.72 • 187 x 0021, and di\ide the result 
by ino product of 3 5 x 6*63 x 1 1. ^ 

5. Kmd the product 4f»*OII0 and 2*967. Divide this product 
by 21 93. 

6 . Kind a decimal which shall differ fiom } * by less than iflooo- 

7. Simplify * '* 

1 3 *07•> I* 

8 . Express as decimals and ," 5 . and subtiact. fine from the 

other. • 

9. Divide *736 by 2 8.7 and 2 8.7 by 703(1 in each case to four 
places of decimals, and find the pi millet by multiplying the two 
<luoticnta together. 

10. Multiply *1 by *1, and divide the prodnet by *0062.7. 

11. Simplify '?{ 6 x 3 \V 

12. Find the sum of (i) 2 4, *3*}, *f*67, 7 0&A, 4*17, *4 $041 2$ ; 
(ii) 8 i&, $0$, ‘fiOSft, KJoOl,4-Of'i(i7 and *68820361 

13. Reduce jj ] ” g to a decimal, ami 4*I7.W» to a vulgar fraction 

in its lowest terms. • 

14. Convert * 8$0 into a vulgar fraction, and divide 1*5.74 by *0037. 

15. Subtract 817f» from 5*03i without < (inverting (them into 
vulgar fractions. 

16. Express the protluct of 6*7.7 and *037 as a vulgar fraction. 

17. Fiud the product of 1 *3 and *75 ; also 2 rt and *375. 9 

18. Express as decimals and and subtract one decimal 
from the other. 

19. Express the quotient of *51 divided hy *0l I ob a decimal. 

20. Express \ j as a decimal and *017$& a» a vulgar fraction. 

2L Reduce *6761904 to a vulgar fraction in its lowest terms. 

22. Divide *37£9$ by *05. 

23. Divide 8 -lK by f jVy 

24. Ry bow much is the sum of 2*0.76 and *92 greater than their 
protluct ? 

25. Divide *03125 by *032, and *032 by *03125, and multiply the . 
quotients together. 
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28. Pint! the product of 1 '3 and '75. 

27. What vulgar ft Actions can be reduced to terminating decimals? 

Reduce , il s to a decimal. 6 

28. Express the quotient of ’‘ii divided by *0i 1 as a decimaj. 

29. Kind the sum of ‘2’4, 44, 4(57, 7 05<J, 4*17, and 4504124. 

30. Express as a decimal (,> + J + •*) t (fl I \ + }). 

31. What number multiplied by (jj + £ + ~l) will give ’37575? 

32. Four reams of paper main a pile ‘11 inches high. Express as 
A decimal the thickness of a half sheet. 

33. Subtract 0 039 of a ton from 1 cwt. 14 lbs. 

34. Kind the difference in minutes between 0 0375 of a week and 
2’857 of an hour. 

35. Add together 0 02 of 5 tons, 0'031‘25 of 8 cuts., and 0’75 of 
Iff lbs. Ex pi ess the result as the decimal of 1 Ion 15 cwts. 2 ore. 
24 lbs. 

36. Add together 0’725 of £1, 7 25 of half-a-crown, and G 875 of 
a shilling 

37. If 0'fi25 of a sum of money is £7. Gs. 8 d., what is tho whole 
sum ? 

38. Add together 0*105 of half-a-crown, 2’07 of a shilling, and 
3“21 of a penny, and subtract 0 012 of*» sovereign from their sum. 


Summary. 

To oonvert a Decimal to a Vulgar Fraction.— Take the given 
decimal fraction for the numerator, and for denominator write down 
# l followed by as many zeros as there are decimal places in the given 
decimal fraction. 

To oonrert a Vulgar to a Decimal Fraction. —Divide the numerator 
by tho denominator; the quotiont when tho decimal point is 
correotly inserted is the fraction required. * 

Pure Reourring Decimal. —The equivalent vulgar fraction is 
obtained by writing for numerator all the figures that recur, and 
for denominator as many nines as Jhero are figures in the recurring 
decimal. 

Mixed Recurring Decimal.— To obtain the equivalent fraction, 
8ubtraot tho non-recurring figures from those which do recur, place 
tho result in the numerator and put in the denominator as many 
nines as there are recurring figures, followed by as many cyphers as 
there are non-recurring figures. 
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SIMPLE ARITHMETICAL METHODS. INVOLUTION. 

EVOLUTION. 

Simple Arithmetical Methods. Many wimple labour-saving 
methods are used by piactical men, and these are in most cases 
suggested by the circumstances <if the problem. We may 
illustrate by one or two simple examples. 

To multiply by 5. As 5~ y\ jidd a cipher and divide by 2. 

Hr. 1. 736 x 5— - V'-- -^6 kii. 

To multiply by 25. Multiply by 100 and divide by 4. The 
reason for this rule is easy to understand. By adding two 
ciphers anv whole number is multiplied by 100. Thjfi result is 
4 times greater than is required, so it is divided by 4. 

Ex. 2. 52420 x 25 = = 13101300. 

To divide by 25. In a similar manner we proceed to divide 
by 26 as follows . Multiply the number by 4 and divide by 100. 

• To divide by 5. x % hem e to divide by 5, multiply by 2 
and divide by 10. 

Ex. 3. 27632 25 = 4 ~ x ? ‘ «*£ = 1105-28. 

To divide by 125. Multiply by 8 and divide by 1000. In 
this ease the fact used is that 125x8 = 1000. If a number is 
divided by 1000 the result is, therefore, 8 times less than if it 
ia divided by 125. Hence, by dividing by 1000 and then 
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multiplying by 8 , the result is the sumo as if the numWr hud 
been divided by* 125 directly. 

* 

Subtraction. When it is required to subtract one quantity 
from another, it is often easier to perform the “ complementary ” 
ojrcration of addition. 

Ex. 4. Subtract 4s 7 hi. from 15s.* 

In this case we may proceed thus : adding 4pl. to 7£d. we obtain 
Is. Mentally thus is carried Cm to the next figure, 4, making it 
into 5, and to coined 5s. into 15s. we require 10 s. Hence, to 
convert 4s 7hl. into 15s. we must add 10s. 4hl. In this manner 
subtracting 4s. 7Jd from 15s. is convcrled into the easier mental 
operation of addition. 

Multiplication and, Division. In multiplication and division 
tlfo contracted methods already referred to will bo found very 
convenient. The work can also often be further shortened by 
using approximate multipliers. 

To multiply by 99. !)9 -- loo - 1; hence to multiply a number 
by 99, add 2 cyphers and subtract the number. 

Ex. I. Multiply 552 by 99 , 

532 x 99 - 53200 - 5fc2 --52668. 

In a similar manner, to multiply by 999 it is only necessary 
to add three cyphers and subtract the number. 

Ex. 2. # Multiply 532 by 999. 

Here 532 •. 999 = 532000 532 = 531468. 

Ex. 3. Find the total width in 20 boards, each 11f inches wide. 

Here, instead of multiplying 20 x Ilf, we may, with advantage, 
multiply 20 \ 12, giving 2^0, and subtract 20 x £ or 5, 

• 20x Ilf =235. 

Ex. 4. Find the cost of 30 articles at Is. Vjd. each. 

Tho coat could \h>, obtained by reducing la. "^d. either to pence 
or half-pence, multiplying by 30, and afterwards reducing to 
shillings, etc. But the cost can bo better obtained mentally, thus: 

30 at 1 8 . = 30s. 

30 at 6 d. - los. 

30 at Id. 2s. 6 d. 

30 at id. -- la. 3d. 

48s. 9d.. 


or total cost — 48s. 9d. 
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INVOLUTION. 

Involution. in Willi tin* jHW'n-z nf wuhIkth (ji. 3) 

WO ll.fvc f, Mind that when a iiuuiIht is multiplied hv itself once, 
twice, or nunc times, the products are called the powers <>f that 
numher; the piocess hv wliRli the jMiwcmof uuiuImmh aie ob- 
taim'd is called hn'ofntnt/> The numlier thus multiplied iH 
called the root, and tin yi tablets sflv called the powers of the 
number. Any number multiplied b\ the same number is said 
to lie squared, and the product ho obtained ih called the square 
or the second power <»f the original numbci. The original 
number is called the square root of the product 

Thus, It x 3 -9 Here the product 9 is tin- square or second 
| nwer of 3, and 3 n, the square root of 9 * 

It has been explained that instead of writing the oxpr<*ssion 
3x3 in full, a small figure is plated near the top of the number 
or quantity, and on the light-band sub* of it, thus 3*. This 
indicates how many times the number appeals m the product. 
Thus we write 3 x 3 as 3% 3 x 3 x 3 as 3 ! , etc The smaller figure 
written near the top of a ^umber m the manner described is 
called the index oi exfmnent of the number. 

Adopting this notation, 3 1 would Is* called the first |H>wer of 
3, 3 2 the. square or the second j>owct, 3 1 the nils 1 or the third 
power, etc. 

The squares, utlies, or e\en highei powers can 1 m* easily 
obtained if the numlxT is not greater than 10. Thus 2*--4, 
2 3 = 8, 2* -10, etc. 

The powers of 10 itself are easily rememtared, and are as 
follows: 

10*i= ]<K), k0' --1000, Hi* ---1,000,000. etc 

This method of indicating large numliein is very convenient 
in physical science, in which such nuinljers as 2, 5, or 10 
millions, etc., are of frequent occurrence; for in place of writing 
5,000,000 for instance, we may write 1 it more shortly as fix 10*. 

The squares of all the numbers from 1 to 10 are easily re¬ 
mem bered; they are as follows: * 

1*«1, 4 2 — lfi, 7*-40, 

2* = 4, 5*=26, 8*=64, 

3^=30, 9 s * 81. 
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"In a'siiuilar manner the squares of all numtars from 10 to 20 
should 1 H) written down. 

Kx. 1. Write down the cubes of all the numbers from 1 to 10 
inclusive. 

EXKRCISKS. XV. 

1. Find ( 03)* 

2. Find the square of 00013. 

3. Divide { 01 ) 3 by ( 03)2. 

4. Find the value of ( 00li)*v( - 02)^ 

5. Square '00625 and express the result as a vulgar fraction. 

6 . Find the square and culie of 6 23 and of 62 3. 

7. Find the square und cul>c of 2 95 and of 3*35. 

8 . Divide the cube of ‘29 by the square of ‘058. 

9. Divide 1 01364 by 117 and subtract the square of 093 from 
the quotient. 

10. Find the square of 917, multiply this by *02, and divide by 
the product of 17161 ami '09,8. 

11. Determine by how much the square of 1731 ditfers from 3. 

Evolution. The reverse of Involution is to extract, or find, 
the roots of any given numbers. 

The root of a number is a number which, multiplied by 
itself a certain number of times, will produce that number. 
Thus, the square root of a given number is that number which, 
when multiplied by itself, is equal to the given number. 

The root of a given number may lx? denoted by the symbol 
placed before it, with a small figure indicating the nature 
of the root placed in the angle; in this manner the culie root of 
27 is denoted by v^27, the fourth root of 64 by *^64, and so on. 
The square root in this manner would l>e denoted by V9, but 
the 2 is usually omitted, and it is written more simply as v%. 
Another, and for many purposes a better method, is to indicate 
the root by a fraction placed as an index, and referred to as a 
fractional index ; thus, for example, the square root of 9 is 
written 9*, and is read as nine tfl the jniwer one-half. Similarly, 
the cube root of 27 is written as 27*, meaning 27 to the power 
one-th ini. 

Square Root. -Method /ATo obtain the square root of 
any quantity in cases where it is not possible to ascertain such 
root by inspection, we have (to avoid unnecessary repetition) to 
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lulopt a rule. The following example will illustrate the Tnethod 
r»f extracting a square root. 

Kjc. 1. Find tho^wpiare root of 15523G. 

165234(300 + 90 + 4 
1*0000 

(2 x 300) f 90 ~ 000 ) 05230 

02100 ' 

2 x390 i «-<7ftl)»136 

• 252 

The process is as follows: 

Divide the given number into periods of two figures each, by 
putting a point over the umt\ fiijun. next on the figure 2 which is 
in the second place to the left of the 0, and also on the 5, as shown. 
The given number consists of six figures, the required square root 
contains three. As 30**®--90,000 and 401M 100,000, the required 
square root lies between 300 and 400; hence we put 300 to the 
right of the given numlier, and subtract its square 90,000; this 
gives a remainder of 65236. 

Put twice 300 to the left of 65230, this divides into 65236 a little 
over 90 times 5 add 90 to 2 > 300, and thus obtain 090; this 
multiplied by 90 gives a product of 62100; subtract this product 
from 65236, and the remainder3136 is obtained. 

Next set down to the left of the remainder 3136, 2 x 390 = 780; 
this will divide 4 times into 3136. 

Add on 4 to 780, obtaining 784; multiply by 4 and obtain 3138; 
this subtracted from 3136 leaves no remainder; or 31*4 is the square 
root required. * 

Metkixi II. - The ordinary practical method is as follows: 

Point as before, and find the largest numW the square of which 
is less than 15 ; 3 is such a number. .Set the figure 3 to the right 
of the given number and its square 9 under the 
first pair of fibres 15 t subtract 9 from 15, 
obtaining a remainder 6 . 

Bring down the next two figures, making the 
number 652. 

Now put the double of 3, that is* 6 , on the left 
of the number 652, and by trial find that 6 will 
divide into 65 nine times. Place the 9 as the 
second figure of the answer; also put a 9 W'ith the 6 to form the 
divisor 69 and multiply 69 by 9, thus obtaining 621, which when 
'subtracted from 652 gives a remainder of 31. 


15523ft (394 
9 

69 ) 652 
621 

784 ) 3136 
3136 
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Bring*clown the next two figures, thus obtaining 3136. Double 
the number 39, that in, the pint of the root already found, and put 
the result 73 to form puit of a new divisor, as before. 

By trial, we find that 78 will divide into 313 four times. Put the 
4 with the other numbers 39 of the square root which is*being 
obtained, and also with the 78, thus making the number 784 the new 
divisor ; this multiplied by 4, the hist figure added, gives 3136, 
which subtracted, leaves no remainder. Hence 394 is the square 
root mjmied. > • 

The student should always begin to point at tin* unit’s place, 
whether the gi\en number consists of integers, or decimals, or 
both. 

Ex. 2. Find the square root of 1481'4801. 

# The pointing logins at the unit’s place, 
and every alternate figuie to the right and 
left of the unit’s place is marked as indicated 
in this example. As there are two dots to 
the left of the unit’s place, the squaie root 
consists of the whole number 38 and the 
decimal; the working is exactly the same 
as in the previous example. 

It should l>o carefully noticed that, to obtain the square root 
of a decimal fraction, the pointing should commence from the 
second figure of the decimal place. 

Ex. 3 • Kind the square root of 9216. 

•9*5 lti( 96 
81 

186)1116 

1116 

The method adopted will lie evident from the working shown. 

As examples, obtain the square roots of the following fre¬ 
quently occurring numbers; these should Ins worked out care¬ 
fully, and the first two committed to memory. 

n /1 = 1 - 414 . ... 
v /3 = 1732 ■ • 

JZ = 2'449 ... 


lixNsoi (3S'4» 
9 

68 j 581 
514 

764 ) 3748 
3056 

7689 ) 69201 
6*1201 
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The square root of all these numlx'rs is an unending decimal. 
Thus, the square root of 3 can Is; carried to any numlier of 
decimal places, byt the operation will not terminate. Such a 
square root is often called a surd, or an incommensurable 
number. 

In any practical calculation in which sunix occur, the value is 
usually not required to nn»re*than two <*r throe decimal places. 

If ji number can Ik; easily sepalated into f,trtors, tin* square 
root can readily Ik* obtained The fnethod adopted would bo to 
try in suciession if the iiuiiiIht is divisible by 4, 1), 1(1, and 
othei numbers of which the square roots are known. 

Ex. 4. To find tin* square root of 1296. 

I24M1 - 4 * 324 4-4.81, 

\'1296 \ / 16 * 81 
-4*9 36. 


A similar method may be adopted in the <asc of huiiiIkms (ho 
roots of which cannot 1 m- expicsstd as whole nunils'is 

Ex. f>. \'l28-\ , 64x2 

-Hn''2; 

and remembering that the s'l is I 414 approximately, the value 
8 x 1-414 11 -312 can U> found. 

Ex. C. \'243- v'six3 

Os'S- 


In many cases where a surd quantity occurs in the denominator 
of a fraction, it will be found advisable, ls*fore proceeding to 
find the numerical value of the fraction, to transfer the surd 
from the denominator to the numerator ; this is readily effected 
by multiplication. Thy*, if as a result to a given question wo 


obtain the fraction 


loo 


we may proceed to divide the numerator 

by </3 or 1*732... in order to obtain the numerical value of the 
fraction; but it is better and simpler to multiply both numerator 

and denominator bv s'3 ; this gives =22?/®; and in 

«/.3 x ^3 3 

this form, knowing tliat = 1'73*2.J \ it is only necessary to 
move the decimal point two places to the right and divide by 3. 
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Squart Root of a Fraction.- In finding the square r<»ot of a 
fraction, it is necessary to obtain the square root of numerator 
and denominator. When the denominator not a perfect 
square, we may proceed to find multiply both the numerator and 
denominator by the number which will make the denominator 
a perfect square, or, convert the given fraction to a decimal 
fraction, and find the root in the usual manner. 


Here if the numerator and 
fraction becomes 


it of 
deuoin 


'nominator he multiplied by 2 , the 


lfi 

root requires to Ikj extracted. 


and its square root is v in this manner only one 


Contracted Method. In practical calculations the square 
mit of any quantity is never required to more than a few 
significant figure?., and when more than half the required 
number of digits have been found, the remainder may be found 
by contracted division. 


Air. 8 . Obtain the squate root of 13 to five places of decimals. 


Hero, proceeding an in the preceding ex¬ 
amples, the square root of 13 = 3*805 is obtained 
together with a remainder 3975. The remain¬ 
ing figures of the square root may now lx* 
obtained by contracted division, viz., by 
dividing 3975 by 7205, giving 55, which is 
placed wiih the number already obtained. 

Hence the required root is 3*60555. 


15( 3*60685 
9 

66 ) 400 
396 

7205 ) 40000 
36025 

7205) 3975 ( 56 
3602 
373 
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EXERCISES. XVI 


Extract the square root of 
1. 631441. 2. 106929 ; 8037. 

3. 191810713444. 4. 13277 9529. 5. *00015625. 

6. 49084036 and of 90j. * 7.91. 


a 502681. 

10. *0006780816. 
13. 71. 

ia 484*176016 


9. (i) 4928 742025; (ii) |fj. 

11. *034596. 12. *05368489. 

14. 83 *00849881. 15. 49984900. 

17. 100*020001. ia 9042049. 
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19. (i) iWi I (ii) •081. 20. (i) 123*45 j (il) 234-fM. 

21. 3249*456016.^ 22. 257W9. ' 23. 0) 8; (ii) 0002. 

24. 18895*1025. 25. 3915380329. 26. 41J3J. 

27.' 1 50013184. 28. 17*375. 29. 1094116. 

30. (0 20j; (ii) 58J. . a. 32j. 

32.. If <i = r2\fr, where d denotes the diameter of a rivet and t 
the thickness of plate, find the valuta of d, when t is (i) jj, (ii) 

(iii) l,(iv)l{. • 

S3. Given d = ^330‘06^-6'7854, fmd tho numerical value of d. 

34 . If d = V0T98~ 0 , 7854, find the numerical value of d. 

35. If rsVl’tnii-i-S'Ulfi, find tho numerical value of r. 

36. If V- ^(A + J?Wd x Ii), find tho value of V, when A = lCf, 
44=36, # = l(i. 


Summary. 

Involution.— The continued multiplication of a number by itself 
is callod Involution. The number itself is called the first power, 
the second power is called the square, the third tho cube. Thus 
2* = square of 2, 2 3 = oube of 2, etc. 

Evolution. —Given a number, the process of finding tho root is 
called Evolution. Tho sign indicates tho square root. Thus 
>J9 moans the square root of 9. This ii also written 9*. • 

Cube and Cube Root.— If throe enual numbers are multiplied 
together, the product is called the cube of tho number taken, and 
the number itself is callod the cube root of the product Thus 
3 x 3 x 3, or 3 3 =27 and $‘27, or 27* = 3. 
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CHAPTER VI. 

AVERAGES. PROPORTION AND RATIO. MKAN PRO¬ 
PORTIONAL. UNITARY METHOD. PERCENTAGES. 

Averages. What is called the mean or average of a series of 
quantities is often wanted; indeed, the student himself will 
soon require to use the term a\erage when applied to various 
values. Thus, for example, if a railway train is found to 
complete a journey of GO miles in 1.] hours, we say that the 
average speed is to miles per hour. which means that a train 
moving timformh at such a sjieed would move over GO miles in 
the given time. 

Again, if in a Goat's crew of 8 men the weights of the men 
are respectively 12, IS, 10, 8, 0, 14, 15, and 11 st ; then tho 
total weight 

¥ - 12 + 1:1+10 + 8 + 0+14 + 15 + 11- 92 st., 
and tho average weight = 1U st. 

Other simple instances could be quoted, the method in each 
and all cases lining tho same. The rule may la 1 stated as follows: 
To obtain an axerage, first find the total of the given similar 
quantities, and divide the result by the number of quantities. 

Ex. 1. Find the axerage value of *52, *25, *52, *05 autl *48. 

Here the total is 2*22, and dividing by the number of terms 5 the 
average is *444. 

There should lie no difficulty experienced in grasping tho 
fundamental principle of ax crages— namely, that the vim ’of the 
term# i* equal to the average multiplied by the number of term*. 

In finding areas and volumes when studying Mensuration, the 
dimensions given- length, width, diameters, etc.—are assumed 
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to Ik? ttreratjf dimensions. In (Ins manner errora dm* to slight 
irregularities in dimensions am eormted 

EXERCISES XVII 

1. Divide tin* im.tn of I."*, 2*01246, 1033 and 82 *2 hy 10*24. 

2. A railway pussengci coants tin- telegraph jkikIh on the line as 
he passe s them. If *21 an* jMssed hi one minute, what is the average 
speed of the tram, the distant e between each post lieing 58 partis t 

3. If hi the next two ifiinutes 37 posts are passed, what is now 
the as .*r.\ge speed v 

4. If a tnu k with its load of 12 N packages weiL'lisS ewts. 12 lbs , 
what is the average weight of e.uh package, the weight of the truck 
being -1 ew ts I ip '• 

5. What is the aveiage s]h eil ot a (tain (when in motion) which 
runs from Loudon to Exetei, a distance of It I'D, miles, in 4| horn's, 
'nuking one stoppage of |0 minuti*, two of a minutes, and one of 
3 minutes on the wu) v 

6 . In 1881 the ]s>pulatmn of time towns was 223118, 43415 and 
10032 respectivelv In IS91 tin hr**t had muia«ed hy 0 per cent., 
the second by 8 per eent., and the third de.m.isid 10 |s*r cent. 
Find the average population of the time towns in 1 St*I 

7. Express as decimals and find the aveiage of 57 13jf, 21, 

0, 7i‘. A, 3l amt IIIGj. * 

8. A person works for 7 limits on Mondays, 11 hours on Tues¬ 
days, 9J on Wednesdays, and 111 on Thursdays, and i.s paid at the 
rate of I Oil. per hour ; rind his a\i iage daily earnings. 

9 . (iiveii four measured distances as ll.'i.WI, 7 .s o::t, ‘Jh«4iui. 1 
9*789 centimetres resjK'ctivcly. rind the average and convert to the 
decimal of a yank 

10. Five sums of money are resjHctively £2057*85, £3903*73, 
£1111*95, £1000 and £287*095 , find the average. 

11. On a voyage lasting 14* 1 days, the “jieed of a ship is found to 
be for the iirst 3 days at the rati- of 13 miles an hour ; this speed is 
increased by 1 “ }>er cent in the next 6 $ days, and during the re¬ 
mainder of the journey the sj>eed is 390 miles jier day. Find 
the total distance in nnles, and the average speed per hour. 

12. If 1 hr. 56 mins, is taken "hy a train to travel 84 miles 756 
yards, what is the average sj>eed |>er second ? 

13. The average speed of a train for 2 lira. 25 mins is 271 miles 
per hour and 43$ miles per hom for 1 hr. 55 mins. , lind the total 
distance travelled. 

14. Determine the average speed of a train which moves over 120 
yards in 15 secs., then 100 yards m 10 secs., and 85 yards in 5 secs. 
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16. An indicator diagram is divided into 10 equal parts, the 
pressure! of the ateam being 180, 180, 135, 100, 80, 63, 67, 60, 44 
and 40 : tind the average or mean pressure. « 

16. Kind the mean pressure when the given pressures are 100 , 

100, 100, 71-43, 55-5, 45 45, 38 46, 33 3, 29*41 and 26*81. . 

17. A man training for a mile race runs the distance every day 
for ‘24 days, his time improving at uniform rate. On the first 
day he takes 8 mins., on the last 43- What is his average time ? 

18. The average weight of the 8 oarsmen in a boat is increased by 
lbs. when one of the crew, who weigh* 11 st. 12 lbs., is replaced 

by a new man. What is the weight of the new man ? 

19. In a procession the route was 7 miles long, and there were on 
an average 15 rows of spectators on each side ; each person occupied 
15 incites of frontage. ('alculalc the number of spectators. 

20. How many jiersons are there in a procession which, moving 
uniformly at the rate of 3 miles an hour, and containing 10 persona 
in each yard of its length, takes SO minutes to pass a place on the 
route ? 

Proportion and Ratio compared. In comparing the relative 
sizes of two objects it is a matter of common experience to refer 
to one as a multiple, two or three times, etc.*, the other; or a 
sub-multiple - one-half, or one-third, etc., the other; in this 
manner the comjxirison is made without reference to the exact 
size of either. A oouqNuison of the relative sizes of two objects, 
without reference to their absolute sizes, gives the idea of 
proportion. Quantities of the same kind are those which may 
lie expr«i»ed in terms of the same unit. When two quantities 
of the mine hurt are considered, the relation which one quantity 
bears to another is called a ratio. Such a comparison is made 
by considering how many times one quantity is contained in 
the other; in other words, a ratio is expressed by the quotient 
obtained by dividing the first quantity by the second. 

If the first quantity be 12 and the second 6, there are three 
ways of expressing the ratio, i.e. 12-rG, or, omitting the line, 
12 : 6 . 

The ratio of 12 things to 6'similar things is definite, and 
indicates that the number of one kind is twice that of the 
other; but the ratio of 12 tables to 6 chairs conveys no meaning. 
In comparing two quantities of the same kind, we can assert 
that one is twice, thi-ee times, or some multiple or sub-multiple 
of the other, without defining what the unit implies. 
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Magnitudes may l>e either alwtnut or concrete numbers, but 
the ratio between them must always be attract. Hence, it is 
necessary, in cdlnparing magnitudes, that the quantities be 
written in terms of a common uuit. For example, the ratio of 
3 tods to 14 lbs., or the ratio of 10 feet to 4 inches is obtained 
by considering that as there are 2240 lbs. in a ton, the first- 
named ratio would Ik? 3x 2*240.14; the second, since 12 inches 
make 1 foot, would Ik* 10 x 1*2 : 4. 

When it is required t^jlividu a dumber in a given ratio, it is 
only necessary to add together the two terms of the ratio for a 
common denominator, and take each in turn for a numerator. 

Ex. 1. Divide £35 in the ratio of 2 : f>. The denominator becomes 
2-to, and the required amounts are » of 35 and 7 of 35= £10 and 
£25 respectively. 

Beginners ai*e often confused when required to divide a given 
number in the proportion of two or more fi actions, and lx‘gin 
by taking the given fractions, instead of ptoeeedmg to reduce 
to a common denominator. Tin* way to pns-eed may 1 x 3 shown 
by an example . 

Ex. 2. Divide £7<> in the ratio of J and ]. This does not mean 
•3 and ] of 70; but, as fractions with tho same denominators are in 
the same proportion as their numerators, it is necessary to write 5 
as yy and J as jV Then the question is to divide £“0 in the ratio 
3 : 4, and the required amounts are 7 of 70- £30, and 7 of 70= £40. 

Proportion. —Tlie two ratios 2.4 and 8 16 are obviously 
equal, and their equality is expressed either by 2:4 = 8:16, 
or by 2 : 4 : : 8 :16. When, as in the given example, the two* 
ratios are equal, the four terms are said to Ik? in //ro/*>rf»on, 
hence : 

Four quantities are*said to he proportional , when the. ratio of the 
first to the second is equal to the ratio of the third to the fourth. 
That is, when the first is the same multiple or sub-multiple of 
the second, which the third is of the fourth, the quantities are 
proportional. 

We may thus state that the numbers 6 , 8 , 15, and 20 form a 
proportion. The proportion is written as 6 :8 :: 15 : 20, and 
should be read as 6 is to 8 as 15 is to 20 . ’ 

The first and last terms of a proportion are called the 
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extremes, and the second and third terms the means ; in the 
last example G and 20 are the extremes, and 8 and 15 are 
the means in the projsirtion. * 

When four quantities are proportional, the product of the 
extremes is equal to the product of the means. • 

Thus, (5x20 8x15, or •{ -1ft, in which the pioportion is 
written as the equality of two rafios 

Since the piodtn t of two of tin: terms of a proportion is equal 
to the product of tin 1 other (*ao, it foJJ^us at ome that if three 
terms <if a pioportion are given, the remaining one can lie 
calculated. 

Kr. 1. Eind (he second term of a proportion in which 11, 12 
and 15 are respectively the 1st, .’lid and 1th terms. 

1 I . iequiied tenn •: 12 : 15 ; 

. required term ^ — l"J. 

Direct Proportion. Three (juantities ate said to he in direct 
proportion when tho lii'-t is to tlm second as the sotond is to the 
third. 

Thus 4 : G : 11 is a dneet pioportion. 

lx !>-=(> xG tr, 
or 0 - VllG. 

Mean Proportional. When the second term of a proportion 
is equal to the third, each is said to he a noun projxirtionaf to 
the other two. Thus, m the ahme examples G is said to be a 
• mean pioportioiml to 1 and U 

Third Proportional. When three quantities are in pro|x»r- 
tion and are sueh that tin* ratio of the first to the second is the 
same as the second to the third, then the latter is called a third 
pro/xirtionid to the other two. 

Unitary Method, By the previous metluxls of simple pro¬ 
portion, when three out of the four tonus are known, we. may 
proceed to find the remaining one. In practice this may often 
l>e replaced by a convenient modification called the T nitary 
Method , in which given the cost, or value, of a definite numlier 
of articles, or units, we may by division find the value of one 
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unit, and finally llu? value of any mimlwr of similar units 
!»y multiplication. The method may lie shown by the following 
simple example :• 

A:j. 1. If the rout of 112 hi tides Ihj 10h., what will be the cost ot 
-12 at the same i.ite *' 

Using the tlnee giuu tonus, we may write the following pro- 
portion: 

112 : 10 212 • required term, 

re<pme<I term - - — 18s. 11 * <1. 

Bv the unitary methml we should pioeeed aw follows . 

If the cost of 112 «iitu Us be 10s., then the cost of one article 
at the same, rate is 

therefore the cost of 212 art idea is /j s X 212 h. - 1S« 11 «d. 


Geometrical and Arithmetical Means. The yeonietrical 
mean (written o.m ) between two mimls-rs iw found by taking 
the squaie root of their pnslmt. 

Thus, the o.m. of 1 and 0 iw x9 -6 ; and the o.m. of 9 and 
10 is 12 . % 

The arit/i met tent. menu ( \ m ) is half the sum of two numbers. 
The arithmetical mean of I ami 9 is * ^ (i 5. The arithmetical 
mean of 9 and Hi is 12 5. 

• 

Ratios of very small quantities.— In finding the ratio of 
one quantity to another, it is only the iclatne magnitudes ot 
the two quantities which are of impoitamThe quantities 
themselves may Is? as small as possible, but tlie ratio of 
two very small quantities may Ik? a eomjiaiutively large 
number. 

Thus i (fog = ‘001 is a small quantity, and so is *00001, but the 


ratio of *001 to -00001 is -*r--100. Again *0000063 is a very 

<«« K) ] -0000081 

small numlier, and so is * 0 o 000 ft 1 , but the ratio of is 

(XnXXXia 


simply or 8 = 1». This very important fai t concerning ratio 
is often lost sight of by beginners, and it must be carefully 
noted in making calculations. 
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EXERCISES. XVIII. 

1. Find n fourth proportional to 275, 2 75 ant} 275. 

2. Find tie ratio of 23g of 7 tons 2 ewts. 1 qr. 9$ lbs. to 21 tons 

7 ewts. f 

3. If 100,000 bnckH can be obtained for £150, what will be the 
price of 12 ? 

4. If 35.i lbs. of sugar cost £1. 2s. 2Jd., how much will 2 ewts. 
51 lbs. cost? 

5. If 10 n.en leechc, £28* 108 for £ weeks’ work, how many 
weeks must 8 men work to receive £88 ? 

6 . If r of an estate l»e worth £450, what is the value of of 
the estate ? 

7. What numlier bears the same ratio to * of 2'40583 that 
£5. 4s. 3pl. does to £104. 5s. 5d. ? 

8. Find the ratio which jj of £27. Is. 5tfd. bears to -6 of 
£42. 10s. 10fd. 

9. If a train travel 215 miles in 10 hrs. 45 nun., what distance 
will it travel in 24J hrs. at tho same rate ? 

10. In what time will 25 men do a piece of work which 12 men 
can do in 15 days? 

11. Divide £814 among three persons in the ratios £ : 7 : g. 

12. If tho carriage of 8 ewts. for 120 miles bo 24s., what weight 
can 1)0 cuiried 32 miles, at the same rafts, for 18s.? 

13. Find a fourth proport ional to 45, ’ 8 , and '367. 

^ 14. Divide 204 into three parts projwrtional to the numbers 7, 

15. Find the number that is to 7 s in tin ratio of £3. la. 3d. to 
£4. 13s. Ild. 

16. Express the ratios of 

(i) 2 i to 7j. 

(ii) | of 63 ewts. 3 qrs. 3 11)8. to 0 4 of 65 ewts. 0 qrs. 11 lbs. 

17. Divide £56 between A , B, C and D in the ratio of the 

numbers 3, 5, 7 and 9. • 

18. A sum of £32,818 is to be divided among four persons in the 
proportion of the fractions f, and £ ; find the share of each. 

19. A bankrupt owes three creditors £240, £.360, and £400 
respectively ; if £325 is divided among them in proportion to their 
claims, how much will each receive, and how muen will be paid 
in the £ ? 

20. A gentleman divided the sum of £10 among his three sons in 
tho proportions of their respective ages, which were 12f, 9j, and 7* 
years; what was each son’s share ? 
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Percentages. -The rate of increase or diminutidh of one 
quantity a* compared with another of the same kind in often 
expressed in th inform <»f a percentage. A perrtntiujt i* simply a 
fraction with a denominator of a I (JO Thin enables a comparison 
to be made at once, without any preparatory lakmr, in order to 
reduce fractions to like denominators. Examples on percentages 
occur so frequently, and aie so varied, that it is difficult to select 
typical illustrations. The following, however, may make tho 
matter clear. • 

Suppose that two classc-, of 2** and 50 students respectively* 
are expected to attend an examination. In the first named 
18 students, and in the second 47 students, present themselves. 
Then we might say that 2 m 20 and 3 in 50 were away from 
the examination ; but the comparison is most easily made by 
finding the percentage in each case Thus, in the lust case wo 

have J-jX 100- 10 per cent.; 

3 

in the second case — x cent. 

50 

Those results would be written as 10/ and (>/. 


Ex. 1. Suppose the pollution of a town in 1885 was 15,990, 
and in 1890 was 20,550. The actual increase -20550 - 15990 = 4560; 
but although the actual increase is useful it is much better to bo 
able to state the rate at which the population is increasing for each 
100 of its inhabitants. The increase for each 100 of ltsfxjpulation 
is found by simple proportion as follows : 

, 15990 : 100 :: 4560 : answer required. 


. 4560x100 «... 

•• An,wcr = "1S990 


Thus the increase for each 100 of its population is 2fi'5. This 
number is called 28'5 per cent., and is written 28 5%. The rate 
per cent, enables an increase or diminution to lie readily referred to. 

Ex. 2. The population of another town in 1885 w'as 20,400, and 
in 1890 was 24,960. The actual increase (as before) is 4560, but it 
does not follow from this that the two towns are increasing at the 
same rate. In this case the rate of increase is obtained from : 

20400 : 4560 :: 100 t answer. 


, 4560100 

'• AnBWer=i ‘20400 ~ 


•-22-S. 
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Hoard 1 , the population of th« latter is not increasing aa fast 
as the former town by 6 per hundred, or, .as usually written, 
by 67. • 

In like manner percentages are often used to compare the 
proportions of lunatics, paupers, ciuuinals, etc., in different 
towns. Rate or debt collectors and others are usually paid at 
the rate of so much per cent. If a rate collector is paid at the 
rate of 2 |>er cent, for example, this would mean that for every 
1*100 collected he is allowed 1*2 ; for o*erv £ 00 , £ 1 , etc. 


A.r. 3 If m a machine it is found that a (punter of the energy 
expended is lost m frictional and other resistances, we should sa) 
that 25 per cent, is lost, meaning that ?J\, lost. This does not 
tell us the actual numerical amount of the loss, all that we ean 
infer is that for every UK) units of woik expended on the machine 
23 units disappear. Such a percentage also enables a compaiison 
to ho made, and is a convenient method of expressing the efficiency 
of machines. Tf one machine has an efficiency of 75 per cent, and 
another of SO per cent., we know that the second is 5 per cent, 
more efficient than the first. 

If, in addition, wo know that 25 per cent, is the total loss due 
to all resistances, but 10 pci cent, of ^his is due to the lesistanee 
of a particular part of the mechanism, this gives a ptreintage oj 
n percentage and its numeiical value is 


I OC0 0 ~ •>. <>r 2-n pei cent. 


Kjr - 4 - * A ,vof " f contains 0044 per cent, of gold. If the 

quartz produces 65. 12s. per ton, find the weight of a sovereign in 
, grains. , 

Or l- 4 - fl '6 sovereigns, 

1 ton =2240 x 7000 grains, 
ami W(4 percent. "'[H000044. ' 

of flU sovereigns - ■0000-14 \ 2240 x 7000 
- 44 x 224 x 7. 
weight of 1 sovereign * 


- 12372 grains. 

Ex. 5. Seventy-fivo percent, of the area of a farm is arable; of 
the remainder cighty-tive per cent, is pasture, and the rest is waste; 
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the area of the waste ia 3 acres 0 r. 20 p. What is the &i%a of the 
farm? 

75 per cent.#' \qq , or 4 of the area is arable ; 

25 |>cr cent. - |‘ ( h> , or ] of the an a in pa>tiire ami waste ; 
ami of thin quarter So per tent, in partite. , 

15 pel rent in waste. 

But jVo * 1 <>f the iiie.i 3 ae 0 r 20 p 

■,‘u of the aua 3 ae. 0 1 . 20 p. 

.. area of the whale faxm T" (3 ac 0 1 . 20 p ) 

S3 ae 1 r. 13.' p. 

K.\ KRCTSKS. MX. 

1. A eolleet >r .vicivci 2J per cent commission If In collects 
£ 00 , timl his commission 

2 . If oranges are incight at the rate >»f 12 tin H< 1 . •uni sold at 
8 for Is , what is the gam pel <vnt f 

3. Find the % able of 7f permit of £125 4n lOd. 

4. Find the profit percent, when £7. Is lid is gained by an 
outlay of £123. bs Sd 

5. Two parts of ehicorv rusting Cl On fld jier ewt are mixed 
with five partN of eoffie costing t'K In (id pei ewt ; the mixture is 
sold at Is. 4d a pound. fiii<4the profit jh*x cent. 

6 . One kind of tea is sold at 3h. a |Mniml, at a profit of 20 j>er 
cent : another kind costs 2 k. Wd a pound. If I 11 >k of the former 
are mixed with 5llm. of the latter, and the mixtuie is sold at 3s. 4d. 
a pound, what is the profit per cent ’ 

7. A builder sold a house for £045, thereby gaining Hpir cent, on 
his outlay ; what did it <ont to build it’ if the purchaser lets the 
house at £70 a year, find how much jkt cent, per annum he makes 
on the purchase money. 

8 . A general having lost two-sevenths of his men in brittle, and 
6 per cent, of the remainder by sickness, found lie had 95,880 men 
left; how many ItAd he at first ? 

9 . If to every gallon of whisky «i spirit merchant adds a pint of 
water, and sells the mixture at the same price jier gallon as lie gave 
for the whisky ; what is hi* profit per cent.? 

10. By selling an article for fid. the gain is 10 per cent.; what 
will be the gain if the price is raised to 57».? 

11. By selling 10 acres of land for £4699. 8 s. 3d. a man gained 
51 per cent.; what was the original price per acre ? 

12 . If 17 lbs. of tea worth 4s. be mixed with 25 lbs. at 4«. 8 <L, 
and the whole sold at 5s. 4d. per lb.; what is the total gain and the 
profit per cent. ? 
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13. If*gunnowder consists of 10 per cent, sulphur, 15 per cent, 

charcoal, ana 75 per cent, nitro; how much of each material is 
required to make up 2J cwts.? ^ 

14. If the populations of three towns in 1871 were 42,913, 8724, 

and 985,577 respectively, and in 1881 it is found that the first has 
increased by 7-per cent., the second by 10 per cent., and the*third 
by 13 per cent.; find the increase per cent, of the united populations 
in the same time. • 

15. F rom a vessel containing a gallon of water a pint is removed, 
and in its place a pint of brat*ly containing 40 per cent, alcohol is 
added ; what percentage of alcohol is thdfre in the gallon of liquid ? 

16. If eggs are bought at 10s. a gross (144) and sold at Id. oach, 
what is the profit per cent.? 

17. A quantity of ore containing 23 per cent, of copper is bought 
at 9 h. per cwt.; 95 iicr cent, of the copper is extracted at a coat of 
2s. 10^1. per cwt. of ore ; find the price per ton at which the copper 
must bo sold if a piolit of 15 per cent, is to be made. 

18. Two vessels contain each a mixture of water and wine, in tho 
ratio of 2 : 3 and 3 ■ 7 respectively ; what quantity must bo taken 
from each to form a mixture which shall consist of 5 gallons of 
water and 11 of wine ? 

19. A sells a liouso to B at a loss of 10 per cent.; B resells the 
house to A at a gain of 10 per cent.: what percentage of the original 
cost has A gained or lost by the doubly transaction ? 

20. In what proportion must a merchant mix one kind of tea at 
3s. per lb. with another at Is. 6d., so that by selling the mixture at 
2s. 8d. he may make a profit of 25 per cent.? 

21. Two houses are of equal valuo ; by stilling one for £127. 10s. 
there is c loss of 15 per cent. For what sum must the remaining 
one be Bold in order to gain 8 per cent, on the whole transaction ? 

22. The populations of the upper and lower parts of a town were 
equal, and after the former had fallen 20 per cent., and the latter 
risen 15 per cent., the total number of inhabitants was 39,390; what 
was tho population of each part at the first? 

23. If the cost of travelling by rail for 42 miles is 5s. 3d., what is 
tho cost of travelling 35 miles at a price per mile 20 per cent, higher ? 

24. The population of a country is 18,844,000; of these 1,499,000 
were employed in agriculture, and 3,110,000 in trades: find the 
percentages of the whole population of each of these classes. 

26. A man sells oranges at lid. per dozen and so gains 10 per 
cent, on his outlay. At what price per dozen must he sell them to 
gain 25 per cent on his outlay? [U.E.L] 

26. On board a ship thero arc 656 men, 257 women and 66 
children. State these as percentages of the total number of 
persons. [U.E.I.] 
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27. (rc) What is 5 per cent, of l ton! (Answer in 11».) #(A) Find 

tho nunil>er of which 20 is 40 per cent. [L.C.U.] 

28. A gun-meltl canting weighing 1 cwt. consists hy weight of 
10% tin and 2% /.me, and the remainder copjier. How many Uw. of 
copper are there in the costing! 

State the ratio lietwoen tlu* weights of /me anil ooptwr present. 

[L.C.U.1 

29. A piece of work requires 14,2.">0 bricks at 32s per 1000, 
cartage and mortal at €3 3s (hi , and the lidsmr of 3 men each at 
Hkl. an houi for f> d<i\ s 1 ) hours Aieh Twenty five jkt cent, is 
then charged for cxiicnses and piotit. Find the price charged. 

[N.U.T.] 

Summary. 

Average. - The axerago or mean of a given iiuiuIkt of similar 
quantities is obtained hy diwduig the total Mini of the quantities hy 
tho number of quantities 

Ratio.- The relation lx tweeu two ijuantiticn of tho same kind, or 
the quotient obtained by dividing one by the other, is called a 
Ratio. Hence the ratio of 3 to 9 ' ?, ' \. 

Proportion is tho equality of two ratios. The four numbers 3, 4, 
15 and 20 form a proj>ortion, or the ratio of the first two is equal to 
the ratio of the last two terms, 

1 or 3: 4.: 15:30. 

When three terms are known the fourth can be found. 

The product of the means, or 4 v 15, is equal to the product of tho 
extremes, or 3 x 20. 

Mean Proportional. — When three quantities are in proportion and 
the second and third terms are equal, each is said to l>e a wan pro- 
portioned to the other two. 

Third Proportional. When the ratio of the first term to tho # 
second is the same as the second to the third, the latter is called a 
third proportional to the other two. 

Mean*.—The geometrical mean of two numlx-rs is the square root 
of their product; the arithmetical mean is half the sum of the 
numbers. 

Percentage.— By percentage is simply meant a fraction having 100 
for its denominator. 
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ALGEBRA. 

EXPLANATION OF SYMBOLS SUBSTITUTIONS. 

ADDITION. SUBTRACTION 

Explanation of Symbols. In dealing with numbers, or 
digits, as the numerals I, 2 ,... aio called, accurate results are 
obtained whatever be the unit employed. 'Thus, the digit 7 
may refer to 7 shillings, ounces, yards, or other units. In 
adding two digits, such as 7 and 5, together, we obtain the sum 
12, whatever the unit employed may i»e. 

The signs already made use of in Arithmetic are also em¬ 
ployed in Algebra, but in Algebra representations of quantities 
nro utilised which ha\e a further generality. Both letters and 
figures aie used as symbols for numbers or quantities. These 
numbers may he known numbers and are then usually repre¬ 
sented by the first letters of the alphabet, <*, />, <\ etc., or they 
may l)e numinus which have to he found, called unknown 
numbers, and these are often denoted by .r, y, 

I---- ----1 

A BCD 

Pro 4. 

A more general meaning is given to the signs + and -. 

If a distance AC measured along a line AD (Fig. 4) is said to 
be positive, the distance Cl measured in the opposite direction 
would be negative. 
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The result of tin* first imsiMimm-nt ronltl Is* imlirateti Ly 
+ ». while the same distance CJ, hut mni*umt in the opposite 
dircetion, would 1* iudieated by —a. 

Again, if a length CD he measured in the same direetion 
from left to right and he denoted h\ -fb, the length DC 
measured from right to left would he indteated bv — b. 

Henee +<i + b would mean the sum or addition of the two 
lines, and so a line of length equal to AD i«. obtained, wlieiv 
.]/> At'A*'D 

Similarly, +*t l> would denote, tin- length AH obtained hv 
measuring a length a m the positive and .» length /» in the 
negative direction. 

The beginner will probably e\|»erience some difficulty in the 
consideration of these positive and negative fjuantities. In 
Arithmetic the ditlwultv is avoided, foi the only use that is 
made of the sign (Minus) is to denote the operation of 
mu lit ra< tion, and in this idea the assumption is made that a 
quantity cannot he subtracted from another smaller than itself; 
moreover in Anthimtie we are apt to assume that no quantity 
is less than 0. In Algebra, on the mntraiv, we must get the 
conception of a quantit y less than 0, in other words, of a 
negative quantity. 'I’lms, as an illustiation, <<uisider the case of 
a jierson who neithei owes nor js»s.sesses anything ; his wealth 
may lx; represented by 0. Another jh-ihoii who not only 
jswsesstiH nothing hut owts £10 is wnim* <>H than the first, in 
fact he is worse off to the extent of £10 eoni|*ired with*the first 
person. His wealth may, theiefore, lie denoted by - £10. 

Again, in what is called the Centigrade 'Fhennoineter the • 
temperature at which water freezes is maiked O', and that 
at which water lroils KXT, and any tenqiei ature between these 
may Ire at once written down. Hut it is often necessary to refer 
to temperatures Mow the freezing point. To do this wo 
represent the reading in degrees, but prefix a negative sign to 
indicate that we measure downwards instead of upwards. 11)us 
+ 5*0. or. as it is usually written, f>°C. indicate five degrees 
above freezing point, whereas -.VC. indicat<*s five degrees 
below. 

If AC denote a distance of 4 miles in an easterly direction, 
and A B a distance of 2| miles (Fig. 4), then a jx*rson starting 
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from A and walking 4 miles in an easterly direction will arrive 
at <7; if when he arrives ho proceeds due west a distance equal 
to 1$ miles he will arrive at ft , and his distant!, from A will be 
miles ; or if as before a denote the distance AC, and c the 
distance Aft, then if ftC Is) denoted by b, the distance from A 
would 1)0 expressed by + a - b~ +c. 

Algebraical Sum. When writirtg down an expression it is 
usual, where possible, to place the positive quantity first and to 
dispense with the + sign. The above expressions would, there¬ 
fore, always l>o written as a+b and a-b. The signs placed 
between the numbers indicate in the first case the sum of two 
positive quantities, and in the second case the subtraction of one 
|>ositive quantity from another. In the latter case the quantity 
a-h could also be descril»ed as the addition of a negative 
quantity b to a positive quantity <t , by which what is called the 
algebraical sum of the two quantities is obtained. The alge¬ 
braical sum of two or more quantities is, therefore, the result 
after carrying out the operations indicated by the signs before 
the quantities. 

The algebraical sum of -HO and -18= -8. 

In the quantity a ~ b, if a represent^ a sum of money received, 
then -b will represent a sum of money fxiid away. The 
algebraic sum is represented by the balance a - b. 

It will ho seen that in Algebra tho word sum is used in a 
different and a wider sense than in Arithmetic. Thus, in 
Arithmetic <t ~ 6 indicates that b is to !>e subtracted from a , 
but in Algebra it also means the sum of the two quantities. 

* How a Product is expressed. —The arithmetical symbols 
of operation, +, x, and -f, are used in Algebra, but 
are varied according to circumstances. The general sign for 
the multiplication of quantities is x ; 'but the product of 
single letters may lie expressed by placing the letters one 
after another; thus the product of a and b may lie written 
axb but is usually written as qb. In a similar manner the 
pi-oduct of 4, a , x, and y is expressed by Aaxy. It will be 
obvious that this method is not applicable in Arithmetic. Thus 
6x7 cannot be written as 57. 

The product of two quantities such as a-f-6 and c+d may be 
expressed as (a + 6)x(c+o0, or usually as (a-f b)(c+d). 
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Expression, Quantity.— When, as in o+6-c, «r 4 <uy. 
several terms are joined together by signs, they form wlmt ia 
called an algebraic expremon or ipiantity. 

Ofcher names used in Algebra. -Any quantity, such an 4a, 
indicates that a quantity a must lie taken four times ; the multi¬ 
plier of the letter is called a coefficient ; and 4u, containing a 
coefficient and a letter is called a term. 

Multiples of 4 the quantities a, 6 # c, etc., may he expressed by 
placing numbers l>eforc*them as, 2a, 36, fl.r; the numl>er» 2, 
3, and 5 thus prefixed are called the coefficients of a, 6, 
and x. 

As in Arithmetic, p. 3, the product of a quantity multiplied 
by itself any number of tunes is called a power of that quantity, 
and is indicated by writing the numliei of factors on the right 
cf the quantity and above it. Thus : 

a xa is called the squaie of a ami is wntten a ‘ l ; 

6 X b x b is called the culx- of b and is written IrK 

Similarly, cxcxc...?i factors is written c" ami indicates r to 
the power n. 

'The number denoting tl» jsiwer of a given quantity is called 
its index (plural indices) or exponent 

It is very important that the distinction ls-tween coefficient 
and index be clearly understood. Thus 4a and a* are quite 
different terms. Let a — 2, then 4a - - 8 ; but a* — 2 4 1(^ 

The use of signs may Is* exemplified in the following 
manner: 

Ex. 1. In the expression a’ + 6-C. 

Let a :4, 6 = 7, and r=3. 

Then a» f 6 - r = 4H 7 - 3 - 23 3 - 20. 

Ex. 2. Find the value of 

. ' uc ’ + '' 1 , when o; 3, /. = 5, <• = ■->, *=8. 
hz - a ' 1 -c * 

Here o** + 6*=3x6 s + 5* -133, 

tlio 6x-a 8 -c=5x6-3 2 -2= 19, 

az* + b* 133 . 

bx - a 1 - c 19 

K 


W.M. I. 
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Ex. 3i Find the value of 

(ac - Myja^bc -f 6 4 cd + cW - 2, 
when a = 1, 6 = 2, e = 3, d = 0. ‘ 

Substituting these values in the given equation we obtain 
(3 - 0)VlT2~x"T+ 4 x 3 x 0 + (9 x'l x 0) - 2 
= 3v^-2»=6. 

In Ex. 3 it should be carefully notit. <1 that, as one of the 
given terms d is equal to'O, any term contafbing that letter 
must be 0. Hence we may either omit all the terms containing 
that letter or, by writing them as in the above example, the 
terms in which the letter occurs are each seen to be equal to 
zero. 

EXERCISES. Xk. 

1. What signs are used in Algebra to denote addition, subtrac¬ 
tion, multiplication and division ? 

What are the meanings of +, 0 • 

2. Represent ft f 1+ ft algebraically when x~ ft. 

If a = 6, 6 = 5, c = 4, d-= 1, find the value of 

3. 4a6, 56c, 3rd. 4. c 3 + 2a6, 2a 3 , a 2 (a +6). 

5. a 2 + 2afc-e-trf. 6. 2a s -3a 2 6 + <r>. 

7. a 2 (a + 6)-2a6c. 8. 2a ac) + *J(2ac + r i ). 

If a=5, 6=3, c=4. d— 2, x—~, y— 5, c=1, /= 0, find value of 

9. 2a - 4c +2e + 56 d-x. 10. 36 H 7e-4/+6a-46~c + 3y. 

11. 66+a+4<I-/+3<! -6c + 2r -3y. 12. 

6 + * 

Given F=4, < = 10 and */=32, find the value of 

13. s= Vt +1;;' 5 . 14. «-J. 15. '?= rt - \gf. 

18. Olven W= 75, K=110, find value of W J'~. 

Addition.—The addition of algebraical quantities denotes the 
expression in one sura of all the like quantities, regard being 
had to their signs. 

When like quantities have the same sign, their sum is found 
by adding the coefficients and annexing the common letters. 
Thus 7a+4a = 11a. Also, 7a + 3a + 36 + 5a = 15a+36. 
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When several quantities have to }>e added together, they may 

be written in cotomns as liere shown ; the positive 
and negative coefficients are then added separately, 7a+ 56 

and the sign of the greater value is prefixed to the -5a+46 
common letters. The ojwration would proceed as _3a - 26 

follows : Arrange in columns, placing the letters in 5 <i + 76 
alphabetical order. Commencing with the row on 
the left-hand side, we have 7a + 3a f 10a. Now add to this - 5a ; 
or, in other words, from 10a subtract 5a, and the insult is fla as 
shown. 

Again 56+46 - 06 ; and 06 - 26 -- 76 , Hence the sum required 
is 5a+ 76. 

KXKRCIHKS. XXI. 

Add together 

L a 4 36 f 4c t 5tl, 2a - 6 - 3c -(id, 7« 56Or lid, 

and a 41464 c 4 23d. 

2. 10a - 86 + 8c - 2d, 3 a •+ 36 ~ 7r i I Id, - 3a 176 \ Or 4 5d, 

and 3a+ 96 -c- 12d. 

3. 7a 4 56 - 3c 4 4d, 3a - - 4r ~ d, 36 5a -3 c - 3d, a 4 6 - e - d, 

a-6 + c-d, and 3a-36 4 10 4 2d 

4. 2* + 3a-46, 3x4 2a 56, 4x-8a I 76, 9 j 4a -) 66, 

5z 4 7a - 96. 

6. .'lx - 7y 4 2s, 4y + 8; r, - Hz - 2y 4 a, 4x 4 3- - y. # 

6. - 6ax + 26y - 7, 36y 4 18 - 4:, 4ax 9 - 6y, 20 4 3ax - 26y. 

7. 8xy - 4ax 426c, 6a; * 5 mn 3 p, 26c - 3xy 4 Ha:, - xy - he-az , 

- 4as 4 3xy - 46c. 

8 . 5a+36, - 6 a+76, 0464 c, -a -Hf> + e t 2a* 1 3a 76, 

26 - 3c 4 - a. 

ft IBa’ + W + c’, ISnl+IW-llir* 17a a -l7W+I7^. 

10. 2yz + 3a6, -5cx + 2yx-f 5a6, 7a6-.Vx4y:, -6ys -cx, 

2ex4yz-8. 

1L a*-3a6 46 * 4046 -!, 2a* 4 4a6-36 s -2a -26 + 3, 

3a* - 5a6 - 46*43a 4 46 -2, 6a 7 4 10d6 4 56* 4046 . 

Find the numerical value when a=l, 6=2. 

12. 2a*-6a6426*42a426-2, 4a*48a6-66* -4a-4646, 

6a*-10a6-86* 4 6a 4 86 4 4, 12a*420a64 106*42a426. 

Find the value of the reeult when a-2, 6 = 3 
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Add together 

13. jfl Zxi/l yt + xly 1, 2r‘+4:n/-3y 2 -2*-2y+3, 

3x* - 5ry - Ay 1 + 3ar + Ay - 2, and 6 -r 2 +1 ()!ry + 5y 2 + £ + y. 

Kind the numerical value of the result when x = 2, y = 5. 

14. a* 4 M>h 6al,H %\ 3a’ h HrM + W? ! 31,’, ' 

- 4a’ - 9a 2 6 + 4a6 2 - 46 s . 

15. a* I a /; 2 4 or 2 f t a 2 c - a Ac 4 - 3r/r/", 

2a * 4- 3 ab' 1 - liar- f 5a 2 A 7«V + 3a6r + Sadr., 

1 la 3 5aA 2 4 lar- - 3 a$t 4 2aV - 4c.6c - 7«rd, 

- a 3 I al> 1 2oc 2 - 7« S A 2aV + 2aAr - 3^/. 

Subtraction.— In Algebra, to perform the ojjeration of sub¬ 
traction, arrange the terms as in addition, change the signs of 
all the terms to be subtracted, and then add to the other 
expression Thus, to subtract 7 a from 13o, wo reverse the sign 
of 7a and make it minus; for 13a - In is only another way 
of expressing that la is to l>o subtracted from 13«. Thus 
13a — la — fia. 


Ex. 1. Krmn 5a f-3.c -2A subtract 2c -4//. The <|uantity to be 
subtracted when its signs are .changed is - 2c f 4y, 

•. the remainder is 5a l J^r - 2A 2c + 4y. 


Ex. 2. Subtract a 2 - 2A - 2c from 3a 2 4A t Or. 
Here, after arranging as in addition and changing 
the sign, we proceed as in addition, thus : 
3a a -a|^=2a 9 ; 26 - 46- -26; and, finally, 

6c + 2c = 8c. 

Hence the result is 2a 2 - 2A 4 8c. 


3a 2 - 4A 4- 6c 
- a 3 +‘26+2c 
2a 2 -26 +8c 


It is not necessary on }»aper to perform the actual operation 
of changing the signs of all the terms in the expression to be 
subtracted. The operation should lx> carried out mentally. 

Ex. 3. From 7x° - 2a- + 5 subtract 3 j* f &r - l. 


Here we may as in Ex. 2 write the terms under each other, 
changing the signs of all the terms in the bottom 
line, but it is better to write them as they are given. 7a^ - 2x + 5 

Then after mentally altering the sign of 3** we ^ r>+ . 5 5.~ * 
obtain by addition 4x“. Again mentally altering 4x a -7* + 6 

the sign of 5x and adding to -2* we obtain - lx ; 
and, finally, repeating the operation for the last figure we get the 
number 6. Hence the result is 4z* - lx + 6. 
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The subtraction of a negative quantity is equivalent to 
adding a corresponding positive quantity. 

If o length Jff, Fig. 5, l)e denoted by a, and another length 
BC by 6, then a + b would be represented bv A(\ a lino equAl in 
length to AB+1}<\ both lading measured in the positive dirootion 
(from left to right). 

Also a-b would Iki a quantity obtained by subtracting b 
from o, and could !>e obtained by measuring off a length Bl) 
in a negative direction, sy that a-ft is appropriately represented 
by AD. 


4r ..a.b-•> 



Fin R 

As BC is |x»s 1 1 1 vi*, the ie\ersal of duection indicated by CB is 
negative, and would be indicated by - b. Thus a minm sign 
before a quantity ie\eises the direitnm in wlmli the quantity 
is measured. Now, to subtnut b fiom <i, we icveraed the 
direction of b and added it on to a. If then we have to sub¬ 
tract a negative quantity, t - b or CB , from a jsisilivo quantity <i, 
by reversing the direction we obuiu BC oi +/», and adding on to 
a wc get ,1G*or u + b. Wc could indicate this by o —(-/»), the 
negative sign outside the bracket indicating that the quantity 
inside the bracket has to Is- subtracted from a. 'Hie flange in 
sign is true whether the quantity subtracted la- positive or 
negative. Hence, the diagram proves the mle already given, 
namely, to subtract one quantity from another- change the • 
sign of the quantity subtracted and proceed to add the two 
together. 

• 

EXERCISES. XXII. 

L Explain why - a + b = - (a - b). 

Subtract * 

2. 6o 2 + a - 26 + 3 from 12a* - 3a + b - 1. 

3. 6y* - by + 3a from 6y*-4y~ a. 

4. 2a*+5 b from 6a*-26. 

5. 3xy - 8z - 7 from 5 xy + 8»r - 2. 

6. x 8 + xy + 15 from fa 3 - xy +10. 
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Subtract 

7. 4o* + hV> 4 1*1,‘ IIS from 3«> - Sa*6 + 6o6 2 - 76 s . 

8. a" - 3a 2 6 ) 3a6 2 - 6' from «> + 3u 2 6 4 3a6 2 + 6* 

9. 4a ~ *21, + 3r from 9* 4 (i6 - or. 

10. flaxf4Ay Or: - 2 from 4 ax Miy 7^. , 

11. 4X 3 - Ik 3 - x f 2 from 7 a-* - tir 3 + 2x - I. 

12. 3fl + 2A i e from fla » 4/* 4- 10*'. * 

13. 4: 4 y 3 + 3x - 20 from 7s 4 fly 4 r 4 10. 

14. 2ms 'M>x 4- 4ay fl frofh N/w; f- ftx # - (lay - 2. 

15. 6a s f 3a 3 A - 4a A 3 ll>' from 3a s - 4n 2 A 4 2aft J - 3ft 8 . 

16. *ar - *y from 5jj' i ly. 

17. .To 9 4a A » 5A 3 from the Mini of a 3 - ah + ft 3 ami 2n 3 t liah « 4h 3 . 

18. Add together Sx^y 3 l tty 4 , - .Hy 3 + fly*, K * J y 3 By 4 , 4x 3 y 3 4-2y 4 > 
and from the «um Huhtraet I0i a y 3 4z* - fly 4 

19. Subtract J.r* x'-y 4a y 3 1 y 1 from Hr 1 2* -y t .try 2 - 4y*. 


MISCKI.UNKOUS KXKRCISKN. .Will. 

1. Add together .W> 4 r, 4ar y, - 3«/> 2ar x, nr f 5y. 

2. Subtract 3ax '2hy * l* - : \ i\mn from 4aa*4-4fty - 7cs f 4mn. 

3. Hml the value of (a - ft) 3 t (ft -c) 3 4 (a - ft)(ft-c) + 5c 3 when 

a-1, ft., -2, <•=.*. < 

4. When x- 1 ami a - -2, find the value of 

3(a + 2x) 2 2(a i 2x)(a -2x) + (a - 2a') 2 . 


5. If «5. ft - 4. r J, find the value of 

* (7« 96; > t(l46-I6 r ) 2 4.(9a-l'>r)'. 

8 . Find tho .able of (,Vi 3A)(o ■ 6)-6{3n-r(4o - 6) - 6 2 (u + r)(, 
• when a II. t, 1 ( ,■ J. 

7. (or W)va“6r. IJnI+&H- 2, when a = - 1, 6 = 2, r=3, d=0. 

8. 3o6r-26rd\/a*6c <-»6<l + 3, when u = 0, 6 = 1, <• = -2, d=3. 

9. (i) 20(x-2y)UHy); (ii) 

,Ui >(i + i) + (M) ! .<*>£* 

when 2a- -3, and y - -0-4. 


10. (i)a*rV; (ii) * y 

a y a f x 

(ill) Say 4 4a s 4 \'( 10 - ay); 
when x*-2, y-3, and 4a= - 1 
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11. What must hr added to 3ax - 2a- 2 to make a' J + or 4 34*! 

12. From tho sum of 2a+ 36, -6a + 76, a + 6+r, - a - 3 /m c, 
su hi rue l 3a - 56 -ft-. Find the \ aim* when a - 1, 6 = 2, c - 3. 

13. Add together x ? + 2,ry { y 9 » 2x* 6xy \ Sy 3 , x 2 - |2jry4 ISy 9 , 
4r J - 14xy » l.'hX .V 1 f lHry Itiy*, anti from the mini subtract 
l lr* f 24y 3 . Find the value when x- I, y 2. 

11 From Hx 3 t- 4x l 3 take* hr* - 3x 5 - 4x 13; then take 
2r* Mr* »8x HI 

from the remainder. Find the \alu«*of the result when x = 1 - 5. 

15. From the sum of 

2x 3 + ax 2 ax * 2/i‘j . x 3 i Max 5 , and 3-r 1 !tn 9 t: 8x 3 t 3o** 
subtract 2xN I4ax$ f ax 3a 3 x. 

Find the \aluo of the remainder when a -2. x -4 5. 

16. From the sum of u * 6 .V, a t 56 t and a - 56 take 
the sum of a f 66 i r and 56 - 4<\ Find the \alue of the remainder 
a hen a - 14, 6-25, t - 3 7. 


17. Simplify 1,^,^ 

In the result substitute 6=1, c- 2, and determine it* value. 


18. Simplify 

<-> 


[L.C.U.] 


(*) 


a 2 4 2«6 f- 6* 


(<•) 


»r ax ♦ «6 - 6/* 


.ft • „(a ( ft) (LCU] 

19. Find the value of 4a 2 + 3a6 - 6 2 when a - - 3, 6 - 2. (L.C.U.] 


20. Find the value of y in the expression y - , 1 °(2x 4) When x = 5. 

21. Find the sum of * t , ^ (L.C.IT.] 


22. Given m - 11 4, « = 4 8, p -8‘8, find the lalue of 
m[m - /> ) 

• nlp-n) : 


[N.U.T.] 


23. Find the values of , a . a anil if a 10,6=1, 

h be e-b a-6-c * 

c=8. ‘ {N.U.J.) 

21 Find the sum of 6a - 6, ^ a - ^ and ” [N.U.T.] 
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AU1EBRA. 

MULTII’UCATION. DIVISION. USE OK BRACKETS. 

Multiplication. - As already scon in Antlmiotic, multiplies- 

turn may is' considered ns a ..use n „-th«Kl ..f finding the sum 

<'f any i|mmtity when repeated any number of times. The sum 
thus obtained is called the ,,r,.,/„ct. In Anthmetie the sign x 
is employed, but in Algebra this may, or may not be used: 
thus, u/j „xb; u(j--y) «(/.,), 0 tc 

In multiplying, what is called' tho»linie of Signs must be 
observed, i.e. The priniuet of two terms with like signs is positive; 
the f>ro,liirt of two terms with unlike signs is negative. 

As this rule usually presents some difficulty, we may with 
ndvsntag^oxplniu the reason for it, thus - 

rake any two factors, such as 3 and S, then the possible 
vanoti(*H of the si^ns nmv In* 

. r »x3, *>5x3, f)x -3, — r> x -3. 

, Thu lirat product we already know is IS, the second is obviously 
-li re|sated three times and is therefore - IS. 

The third case is more difficult, but the result uiay be ob¬ 
tained as follows: Assume tho multiplier -3 to be increased 
by A. the product would then be S x 4, or 20 too. great. But 
- 3 increased by 4 is 1 , and 6x1 ; hence the result is 6 - 20 

or -16. 

In a similar manner, if in the last case the multiplier be 
increased by 4, tho result will bo -5x4 or - 20 too great. But 
the multiplier -3 increased by 4 is 1. And since -5xl=-5, 
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to obtain the product we have to subtract -20 from *5; but 
as in subtraction the sign of the pterin subtracted is changed, 
it is necesMry t<? change the sign of -20, which then Ixieome* 

+ 20, and the required product is -5 + 20-15. 

Sifhilar results would obviously lx* obtained for the product 
of any two factors ; hence the rule of signs is seen to be true. 

In a similar manner, if o is to Is* multiplied by 5, it means 
that a has to Ihj added to itself as often as there are units in b ; 
hence, the product is <//• . ® 

If ~<t is to l»e multiplied by -/>, it means that -<i is to l»o 
subtracted a- often as there aie units in b. Hut since to subtract 
a negative quantity is the Mine as to add a jnwitive one (p. 09), 
the product is again ah. 

Again, if -a is to Ih* multiplied by 5, it means that -a is to 
be added to itself as often as there are units in h % hence the 
product is -ah. The same result would be obtained by multi* 
plying a by - b. 

Rclb. To multiply two simple expressions together, multiply 
the coefficient* ami add the unit* >\* (p (15) of like httw. Hcmember 
aim 'hat like tthjn* produce +; unhkt mgn* prwhu'e —. 

Ex. I. ial) <3aW~V2u'tA. 

Ex. 2. feW x BoW=24«W. 

When the expwssions consist each of two terms, the prows* 
of multiplication is comenienth arranged as follows. 

Ex. 3. Multiply x f 5 by x 4 6. 

Write down the two expressions as shown, one under the other; 
multiply each term of the first expression by each term of the • 
second, and arrange the results as here indicated ; 
begin at the left-hand side, thus, x > x-x 3 . Write z 4 5 * 

the x* t and the product*of x ami 5 or 5x. As the x_-4 6 

signs are alike, the sign of each of these product* a4 + fa 

is + . Next multiplying by the second term 6 we (he 4 30 

get Ox+ 30; the term fix is placed immediately x*+llx + 30 

below the corresponding term 5x; and the term 30 " 

on the extreme right-hand side; finally, add the 
terms together to obtain the product. By arranging the terms one 
under the other, and multiplying, the result can always be obtained. 

But this is not enough; in such a simple expression the student 
should be able to at once write dowu the product by inspection. 
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Thin i# effected by noting that the first term r* of the prodnot is 
obtained by multiplying together the two first terms in the given 
expressions; the last term is the product of.tho*two second terms 
fl and 5, and the middle term is the product of x and the sum of 
the two second terms. • 

\ (r » 5)(x Ul)-r a i ll.r f 30. 

In a similar manner, * 

(a 4 ft) J , or (a f b)(a 4 6) - a- t 2 ah + ft 2 , , 

(a -- ft) 3 , or (n (a - ft) - a 3 - 2aft f ft 3 , 

(r 5)(^ -6)=a“ 11a; l 30, 

(x r»)(,r i «) = a- ,, 4 »* - 30, 

(r + 5)(j fi)^a ?-j 30. 

When the pioduct ot two expressions containing more than two 
terms is required, it is usually convenient to arrange the terms 
one under the other, ami to proceed as in the following example. 

Ex. 4. Multiply together 14<o ,Wm 2 and uc-ab < 1. 

1 bn - 3oft + 2 

nc - ah i I 
14a V 3 - 3a 2 ftr -I- 'lac 

14«-fte -t.W 3 2oft 

l 14«r ^ • 3«ft + 2 

I laV 3 - I7a 3 ftc * ltloc t 3 aVr r>ah ( 2 

Proceeding as in Ex. 3 we ha\ c 

14ar xttc= 14aV. 

Next . 3«ft < ac = 3a 3 ft»\ 

and finally ac\ 2 = 2 ac. 

In a similar manner, by multiplying by «/* the second line is 
* obtained. After writing down the third line, the terms are added 
and the product in thus found. 

Continued Product. When several quantities are multiplied 
together the product obtained is called tile continued product of 
the quantities. 

Ex. 1. The continued product of 3ft, 7 c and 2a is 42aftc. 

EXERCISES. XXIV. 

Multiply 

1. «* + 2a*ft + Soft 8 4 3ft 3 by a' - 3a s ft 4- 3a//-. 

2. .r* 4 xy 4- fiy* by x Ay. 3. X s - 5xy + 6y* by x - 4y. 

4. Prove that (a-ft f c)(ft-<; + o)-(c™ft4-aMc + a + 6)=2c(6-c-a). 
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Multiply • 

6. 4a* + 12a5 + 96 3 by 4a- 12«5 + 95 3 . 

6. 5-e 4 - IbH-f x fly 4x* iir 1 -* 5. Fm<l the numerical vnluc when 
x- 1. 

7. «(a a r 5* +t' 3 - n5 ~ac - U) by (n^Mi). 

8. Show that < a) * ( 5) = + a5. 

9. Multiply 5 j“ - fuy I 7y* by 7x* f Gxy f>y*. 

10. Express by algebraical ByrnUds : Three times the square of a 
multiplied by 5 added to the dillerenc^tatweeii the cubes of a and It. 

11. Multiply r 1 • y 3 f i* 4 xy - (, i y. by x y 4 ; 

12. Multiply together x* i ax f «■*, x* ait a-, and r' 1 a* 

Multiply 

13. a* -t 2a5 + 5‘* - r* by a 3 2a 5 • 5 J i * 3 . 

14/ x 3 » y* 4** y; *.x - xy by i i y i 

16. 4a' J 4«5 35 1 by 2a 3 4 3a 5 

16. jjx* - x + ^ 1>) 3x* i lix+l 'i 

17. «- 25 4 1 by 2a t 5+1, and by 2a 4 35 + I. 

18. Multiply together u 1 ~x t ti, /- » 7x 18, x° - 1. 

Multiply 

19. a* + 2a5 - 35* by a* bab * 4//*’. 

20. x 3 ax* - 2a*x + a* b\ x* t ax a 3 . 

Division. In Algebra, as in Arithmetic. the terms diviBor, 
dividend and Quotient are used ; hence, from a given dividend 
and divisor, we can by the pmvtw of division, proceed to find 
the quotient of two or more algebruiial expressions. When the 
divisor is exactly contained in tin* dividend, then the product of 
the divisor and the quotient m obviously equal to the dividend. 
When the divisor is not exactly contained in the dividend, and 
there is a remainder, the remainder must lie added to the 
product of the quotient and the divisor in order to give the 
dividend. 

Ex. 1. Divide 18ox* by 0«x ; 


As in Arithmetic the work may be done by cancelling, thus, 
18+9 give* 2, 

and ax 3 4-ax given x, 

hence the required quotient ut 2x. 
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Ex. 2 a Divide 1 5a 3 ft 3 by 5a ; 

15aV 


- 3aft 3 


In each raw by multiplying divisor and quotient together wo 
obtain the dividend 

When the dividend and divisor both consist of several terms, 
we arrange both dividend and divisor according to the powers 
of the same letter, beginning with the highest.. The following 
example forked out in full will show the method adopted : 

a 3 * 2ax l .r' J ) a* f fwi 4 x f 10n 3 .r 3 f 10aV f 5a.v l 4- x 3 (a : ’+.'laV-»3ar 1 +^ 
aM -a 4 x I _ aV 

IkiV 4 MOrtV' 

3a 4 x 1 - IviV i 3a\r‘ 

3a‘x : I- 7a V‘f-5ax* 

.W J 'f (VlV ( W 

a V i ‘Aoj:* i- x 6 
a 3 r 1 I ‘lax* 1- 

Divide the first or left hand term of the divisor into the 
dividend. Thus, a- into </'* gives a ' 1 ; write this quantity on the 
right-hand side as shown, and put tfie term a r ' under the first 
term of the dividend. In a similar manner by multiplying the 
remaining two terms 'lav ami bv o' and subtracting we 
obtain 3 <i\r f DaV J Now bring down the next term l(ki i x A > and 
proceed ^s Indore. 


2. « 3 -) 5a 2 x +■ 5ax 3 + x 3 by a + x. 
4. a 3 - f> s by a - ft. 

6. »i 3 - -fa 3 .c + 4ox 3 - x 3 by a - x. 
8. a 4 f 4ft 4 by a 2 - 2aft + 2/A 


KXKRCISKS. XXV 

Divide 

1. x 3 4- 2xy 4- y J by r f y 
a r 3 0r»f>7r ' 27 by x- 3. 

& a* f 5* by a i ft. 

7. « 4 + aHf 3 4 ft 4 by (I s f ab 4 - ft 2 , 

9. x* - ‘iriV 4 a 8 by '■* - 'lay f- a 3 . 

10. a* - aV - a 3 * 4 f- ft 2 .- 3 by a 2 - ah f ac - fte. 

11. ** - 20a V + 343a 8 by x 3 4- ax + 7a 3 . 

12. Ox 4 4 kr^y + Gafy 2 f 5xi/ 4 Gy 4 by 'Ax 3 + 3xy 4 ‘iy 3 . 
la ■** -« 6 by a 4 ru- 4 a 2 

14. stx*-yz) f-y(y* - js) t *.(: 4 -xy) by x+yn :. 

16. 2** - 10ar*y + UxY + l&y - l&ry 4 ' + 3/ by lie* - 3^. 
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Divide 

16. -(?> 4 - 2m). r* - pY'* n* l-y x 3 pV -* pgr 7 * 

17. (x + y) B - X s - y 5 by x- + xy f y*\ 

18. # x 5 + x 4 + 4x s + 21 a? + 23x - 40 by r' J + 4 x -f- 5. 

19. y? - a* by x 3 ax + a 3 . 

20. x 5 + x* - 9ar‘ + 33.» 2 - 7x -49 by x 3 + 3x 7. 

21. 2X 8 - fiafy - Oy 3 by x - 3y. 

22. Obtain the first six terms in the quotient when I - x f x 3 is 

divided by 1 + x. • 

Divide 

23. 3j j ( la6 i- Vta-lrt taV>~ b\ x 2nh. 

24. a fi -f- ft 5 - a :, 6' J • a-6 -air t 6 s i a 1 1 <1 6. 

25. Hx 4 f 4. f jx 3 y 1 78x 3 y 3 + 4f>xy n f My 4 by 2.i - 1 . r «»v t 7y 3 , and 

verify the result by putting x -1, y -2 in tin- duiMir, itividend, and 

quotient. 

Use Of Brackets.—In Algebra it is frequently necessary to 
group part* of an expression, and the use of brackets for this 
purpose is very important. There are se\erul foims of bracket# 
in general use; for example, (), {}, [ J. Sometimes a line is 
placed over two numbers, and such a line has the same meaning 
as enclosing in brackets. Thus, if a quantity 6fr has to lie 
multiplied by //+/ the terms may Is* written as /< + cxi/+/, or 
as (6+<?)(//+/). In this wav the use of braekets gives a short 
method of indicating multiplication 'Hie use of the different 
forms of brackets can lx* shown b\ the following examples . 

Bx. 1. 3a-(«,-7'-], ' 

Here, the brackets indicate that 46 - 7 c is to he subtracted from 
3a, and it is obvious that the result obtained will lie the same .. 
whether we firet subtract 7' from 4* and afterwards subtract the 
remainder from 3a, or first add 7 r to 3a and subtract 46 from the 
sum. # 

A positive or negative sign may occur before a bracket: if 
the former, then the signs of all the terms arc unaltered when 
the brackets are removed ; if the latter (or negative sign), the 
signs of each term inside the brackets must lie changed. 

Ex. 2. 3a + (46 - 7< + 3d) = 3a + 46 - 7e + 3d, 

3«-(46-7c + 3d)^3a-46 + 7c-3d. 

The other forms of bracket* which are used are [ ] and {}. 

In each case they denote that whatever it iu one pair of them it 
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to tm regarded as one quantity to lie added, subtracted, multi¬ 
plied or divided as a whole in the manner w^ieh the signs and 
quantities outside the brackets indicate. 

Kr. 3. Ex press the product of tit l 36 and 4c + 5 d. • 

The quantities may le w'rittcn oh (2a + 36) ^r + fv/). 

Further, to indicate that 3/ is* to he subtracted from the 
product and the result multiplied by 7c, we use another pair of 
brackets, thus, 7e{(2</-f 36)^tc-f,W)-3/1; and to express that 
when 3x is suhtracted from the l.ist obtained product the whole 
must bo multiplied by 8, wo have to use another bracket, thus, 
8[7e{(2u + 36)(4r + 5d) -\\f\ -3.r]. 

In nunoving the brackets it will be found best to start from 
the inside pair. Moreover, to prevent mistakes, it is advisable 
only to remo\e one j>air of brackets at each step. 

Ex. 4. Simplify 

\x f(4 j - 4y) (4r + 4y) •} 4r + (4 j ( 4y)(4r - 4y)} l 4y] 
Multiplying the trims in the brackets uo get 

• 4r [ llu J I Gy*’ ’ 4r t I 0j a - 16y a | + 4y] 

Ijt (IGj- I Gy- ix 4 16y* + 4y] 

V 16 >• * I Gy- i 4.r *• IGj j - lfiy a 4y 
Sr ty 


EXERCISES. XXVI. 

t 

1. Explain the use of brackets, and prove that 

a i (6 -r)~a i b - o, 

« (fc-r)-d - He. 

2. Prove that n {6- {•• -d)}so-A + c - r/. 

Simplify 

3. 6b* - b) ~ '>{ 3a - (o i 6)} + 7{(a - 26) - <$a - 26)}. 

4. 2(3x - y) - 4{ir - (.r y )} - 3{(* - 4y) + 2(3r - y)}. 

5. a-3[A-2{a-36t-2(i]. 

& 3(r+t) - (Gy -:) - 2‘ x (2y e:) - (y - 3:)}. 

7. I+x-[l+n{l -*-(! hx)-(l-x+\)\\ 

8. (o - b - <■) + (6 + c - d) - (*■ d --/) -(/+'.} - 

9. 3a-[a + 6-{a + 6er |a t 6 + c + rf)}}. 

10. 3a + fi6 - 2r - {3a - 26 - (76 - a -f 3c)}. 

11. 1 - (2- (7 -aT : 4)]+ 2- [3+(4-x^fi)l 
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Simplify 

12. I3a-[7a + 6--{llii-S6 (17a46))]. 

K-** (* *■;•)}} 


14. # 3(2a-6-c)~5{«-<26+c)} + 2{&~(c a)}. 

15. Find the value of 4 {2x - (or - 3)} when r- 37. 


16. Find the numerical value* of the following expremdons when 

r=-l,y=-Vi 

(i) 2x - {<fy Sr f 2t (4r ) y |; 

(u) (x 1 y :)’' (M jl’lr-y I-:) 4 (x-y)’. 


Simplify 

17. 7n itih 2c (4a - 36 2c). 

18. o + 2fc- 2 h-('nb-c)}. 

19. 7a [4a + 3a b) j. 

20. 4{3<»-2(6- c \ a)} [6c/ {2c - (.V> 4 a)\) 

2L [7o-36-4{26 3a-(46 <•)]) [r-2(3a 6) fi{2o-(86-e)}]. 
22. (a + 6 + c) 1 - (a f 5 - c) s 4 (a 6 4 e)* f ( - o » 6 + c) 3 - 24a6r when 
2a = 2= - 26=sc. 


oo 1 , 2 , 1 . 3a6 

x-2a x + 6 o 6-a 

S fx+y + gHy t + Mr+x^ - ^y 8 - 1 1 uht . n , 
x*+y*f3 a -y=-:x ry 

i. When o = l, 5=3, c-4, d rO, find the value of 
(i) 3a*6 - 6[We + 2(». - 30]. «6(6'-rrf)4-~‘ 


24 


J. V - Sr — J- 


.... s/6*+ 6* 

^ «+*26 + 


r»(o+2c) 
h d ’ 


(iii) 3o6> - 4{V* + 2(c -Si,)] + ox(6 s -<6-)4 


(iv) .'"t* 

' ' o + 26 + if 


,7 ( a 4 26) 
¥ ‘2c-o 


’ MISCELLANEOUS EXERCISES. XXVII 
L Multiply 3x>~a»x*-4<i* by 2x 3 -7»x 4 o’ 

X Divide x*+2**+l by x* + 2x + l. 

3. Show that x(x-l)(x-2)(x-3) + l = (x*-3*+l)*. 
4 Divide 6r* 4 Sr 1 4 dr 1 17x4-6 by 6x*-7x4-2. 
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5. MM together 

Kt i 

, (i) Multiply r'-nxy 1 fiy* l»y x 
(ii) Di\id« 4.r a 3r*y 20//* hy r 


,) 


will 3 k||ii‘fl (2j: ‘5')}' 
2V- 


Find the numerical value of » 

7. (i) So 3 4 Tt& hr" - iKrtV ; 

.... Cl ft c 

(») . + i . ; • 

b f-c c Hi rtl b 

when Art --1, IWj f 1 -0, and 2r 1. 

8. I two 1 (r-7)(l47»t (;• S){37H t (/• 9) <35 f r - 10)}], 
when r~ -7. 

9. Remove the brackets from 

(3a >Vi) In #•) t r {2a -r (3a - b) - ffl(n - r)}, 
also find its \ulue when a *0, /» -1, <•-- - 
10. Remove the brackets from 

7a I l\\b *"»*(■ * 4(fj - 3)(a l 2c)}], 
and find its value when a = 2, b - 3, and c = 1. 


Add together 

11 (i) J V ( .V 8 . 

’ V ’ 3 4 4 3 2 12 1*2 2 

(ii) 4a s I h[ 3c a tk» ,J ) + 5a a fc - c(c- +• 3fcc) f c 3 - 2a 2 (a + 6). 

13. Ifcf + c (3a a - tWr|. ,Vfle - a 1 (a * 3c), a* -- *2ft*(fc + c). 

»{? id-)). «c-v> »e >-4 

Multiply 

i , '** . » fta ** 

15. a + ft 4 - + . hv a -ft» - .. 

a o it h 

jj j* j 3 * 

16. +jj+.t t'V .r(3. 

Subtract 

17. (a - b)x-(b -r)y from (a + 6)x + (f> + c)y. 

4 . .t* r*y xv* V s . x 3 x*y xy* y* 

1& 3" 4 * 4 3 ,n>m 2 + 12 '15 + 2' 

19, .ly-x + i from Sr-5y-fe + (2*+3y + 4r)-(4j--3y-3r). 

3a« /». M /.^ r’\ 
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Subtract • 

21. (2/> I r) Mr from a(h ^ *2<) 3/#*. 

22. f»(2r -♦ «) 3ra*from Mr • *J<0 

23. !*, I <*) from a * J + 'J , ,• 

24. 8/*- r 3 - i 7 ft" ii 4r' ,'2.r*‘ i r * I and fiom the remainder 
take a*' 1 4rM Jj - M. 


25. Find the value of 

n-h „ . 

i" 11 ' 

whena 3, 1 , .'). 

26. Find the value of 

(r/.- /• ] l/f . /, | fWe «| <*!(<! /<) 

* ) \< «l lot • M 

when « - 1, b 3, » I 

27. Find the nuineitc.tl value of 

3*i M I to 

Oo 5/< \ a J/j’ 

when 2o ~ I and /> - ‘J 

28. Find the Iiumuirul value of 

o /. ■ . o b\ 

o ! /» ^ “ f ‘ a)' 

when Ha 1 and 2b I 


&*). 


29. Simplify 

{a -t>){b -r){c4 a) i {b r)ir o)(o /<) ‘ (r i <), 

and find its value when a 1, b 3. and e ‘J. # 

30. Find the value, when r o and y 3, of 

r 4 4 r\/ . flry .Vi/ 3 * Jy 4 
‘iLr 4 V'y i Orfy 2 4/y 3 i-y 4 

31. If x = 2 and y - J, find the nntuctical values of 

• ..I' j/3 

3(x f y) - 2(z y), r’y®, and y . 

32. Multiply - tVi*ry 2 by KVra-b/ 1 and divide the produel by 
1 SaVy 4 . \erify the result bv substituting a 1, .V-2, and 
y= - 3, in the multiplicand, multiplier, divisor, and quotient. 

33. (i) Simplify ‘2a - [x 3 - {3y - a - (‘2x - ar*)} - (a 2y) - 3Lr]; 
fii) Find the numerical value of 

[{/>-7) a f (<7- r) a + (r-/>)*Jv(/>*+7* + r*b 
when p= -2, q~ -3, r- -4 
w.m. I. 
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34 . tin to wot the mini of 

a* x 3 - {a ■ x (iir 3 - 4) } nml « s - r 1 - \ a 4 .r - {a 2 - x 1 - 3)} 
from L’.r 2 x*. • 

36. Kind the \nlue of 

s'd 2 + h' 2 I f'-' y/b a 
a 2ft (o .V ■ *) 3c r J 
when a-7, ft- I, r - 

Kx press tin* following pri^-esses algebraically : 

36. Square a, divide tlu> result by tin* squat e of ft, thou add 1 and 
extiact the square loot. Multiply tlu> sqimic loot l»y tv and divide 
l»y the square of n 

37. r is multiplied by the fomth jxiwer of y , and thin product is 
subtracted tioui the square of x multiplied by the culm of y ; the 
culm hs it- in the square of this difleienee is divided by the square 
riKit of the sum of .r and y. 

38. Multiply the culm of r by the square of y. Multiply the 
square of x by the cube of y ; subtiael the second from the first; 
extract the square root and multiply by the sum of 5x and 3 y. 

39. Multiply the square of («-ft) by ;Vr. [N.U.T.] 

40. Add-i* + 3ft, .'Vt-6ft and 2ft-a; and multiply the result by 

«f h 4 [N.U.T.] 

41. Diudo loaV- 10a a ft 4 f 5aft 4 by ooft 3 . [N.U.T.] 

42. l»»v«U. **’- *,» by [N.U.T.] 

« 

Summary. 

Multiplication. —-The product of two terms with like signs is 
positive, that of two teims with unlike signs is negative. To 
multiply two simple expressions together, multiply the coefficients 
and add the indioes of like letters. 

Division.—The objeot of division is usually to find bow often one 
quantity (the divisor) is contained in another (the dividend!; the 
product of the divine* and the quotient, plus the remainder, if there 
is one, is equal to the dividend. 

Brackets. -The forms of brackets in general use are (),{}, and 
[ ]; they art* used to indicate that whatever is in one pair of them 
is to l*e regarded as one quantity. Braekots are usually removed in 
the order named, tieginning with ( ). 
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SYMBOLICAL EXPRESSION. SIMPLE EQUATIONS. 
PROBLEMS PRODUCING SIMPLE EQUATIONS. 


Symbolical Expression. One of tin* greatest difficultiew 
experienced By the beginner in Algebra is to express the rendi¬ 
tions of a given pioblom by meaiiM of algebraical symbols, and 
some practice may !*» nreessan before even the huo pleat 
problem can lx* stated. The few examples whn h follow are 
typical of a great numW. ^ 

Let .r denote a quantity ; then . r > tunes that quantity would las 
5r, the square of that quantity would Is* i j , and a fourth part 

of the quantity would lx- indicated In 

If a hu in of £50 were equally dmded among x jierHons, then 
each person would receive 

If the difference of two iiunil**rn in 7, and the Kinaller number 
lie denoted by x, the other will Ik* represented by x-f 7. If the 
larger be denoted by then the smaller will l»e represented 
by x-7. 

If the distance between two towns is a miles, the time taken 


by a train travelling at x miles an hour would be ; when the 


numerical values of a And x arc known, the time taken can lie 
obtained. Thus, let the distance a be 200 miles, and x the 
velocity, or speed, be 50 miles an hour, then the time taken is 


200 _ 

60 " 


4 hours. 
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Although tlm letters </, x, etc., arc* used in algebraical opera* 
tionH, symliols are often employed which at ftice, by the letters 
used, express dearly the quantities indicated. Thun, distance <*r 
space could lie denoted by n ; the sjwed, or v elocity, by r ; ajid the 

time taken by (; then instead of '* we inc *, or the relation 

between *, r, and t is given by n it 1'ioin this ielation, when 
any two of the three tcim*aic given, the remaining one may be 
obtained. 

In tin* case of a body falling vertically, the relation lietwoen 
space de.sciibcd and time of falling is given b\ .< where** 

denotes tin* spue desenlied in feet, / the tune in seconds, and 
[t denotes 112 2 feet per second, oi the amount by which the 
velocity of a I**nIv falling freely i-< un leased in eadi second of 
its motion. In this case, given either * oi t, the remaining term 
may be found. 

Equations. An equation mav in Aiitlnnetic, or Algebra, lie 
taken simply to be a statement that two quantities are equal. 

Thus, the statement that 2 added to 7 is !), may Is* expressed 
as an equation bv 2f7 !). Obvjmslv, in a similar manner, 
other statements of equality or, briefly, other equations, could 
la* formed ; and it will at once l*c evident that the greater part 
of the student’s woik in Arithmetic has liven concerned with 
such equations. 

All such equations, involving only simple arithmetical opera¬ 
tions, may Imj culled Ant/anefnal Equation*, to distinguish them 
from such equations as SJj*+7 -!), which is culled an Afifefnwical 
Equation. As in Arithmetic, the answer to any given question 
remains unknown until the calculation is completed, so in 
Algebra the solution of an equation consists in finding a value, or 
values, which at the outset an* unknown. 

Simple Equations.- When two algebraical expressions are 
connected together by the sign of equality, the whole expression 
thus formed is railed an equation , and the use of an equation 
consists in this, that from the relations expressed between certain 
known and unknown onantities we are able under proper 
conditions to find the unknown quantity in terms of the known. 

Usually the earlier letters of the alphabet, <i, A, c, are 
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used to represent known and it-n concluding letters, .r •y, : } to 
represent unknown quantities. 

The process of finding the value of the unknown quantity i« 
called solving the equation; the \alue ho found is tin* solution 
or the root of the equation. This loot, or solution, when sub¬ 
stituted in the. given expression makes the two sides identically 
equal. 

An equation which involves the unknown quantity to the 
first power or dcgioe miU is <ulle?l a simple equation; if it 
contains the s<piaie of the unknown quantity it is called a 
quadratic equation; if tie* cube of the unknown quantity, a 
cubic equation. Thus, the degree of an expulsion is the 
powei of the high* ->t teini «ontaiiied in it 

If an <*quality involving onlv an algeluaic oj wr.it mu exists 
lietween two quantities the e\ptess|nu is ealled an identity, 
thus (.r+y)* - r 2 4 £»y f/r n an identity. 

In the equation ii+7 !», > rcpn s< uts an unknown nuudier 
such that tw ice that numUr ne leased bv 7 is equal to 0. It is 
of course obvious that i 1, but we mo with a<l\antage use 
this simple example to explain tin* oj>ei.it nm of solving an 
equation. Hefoie doing s* it is ne. essiiv to note that as an 
equation consists of two equal members <>i sides, one on the 
left, the other on tie* light hand sub* of the sign of equality, the 
results will still lx.* equal when Iwth sides of the equation 
are :. # 

(a) equally incrnwl or <l<nnn\*h><1, win. h is the same in effect, 
as taking any quantity from one side of an equation and placing 
it on the other side, with a contrary sign ; 

(ft) equally multiplied, or equally divided ; 

(c) when each side is raised to the same |mwer, or the, same 
root of each side of tin* equation w extra* ted ; 

(d) The signs of all the terms in the equated expressions are 
changed from + to -, l»oth sides of the equation lx*mg altered 
similarly. 

Thus, in the equation 2a +7 = 9, subtracting 7 from each sido 
we get 2r -r 7 - 7 = 9 - 7, 

or 

Dividing by 'l then 1. 
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Ex. 1.* Solve 4x+ 2=50. 

Subtracting 2 from uuoh sitlc we get 
4x=4H ; 



In the example 1/+2-30 tin* statement means that if 2 be 
added to four times an unknown numlier.r, the result will equal 
30. By a process of trial, substituting the numbers 1, 2, 3 in 
turn for r, it will be found ftiat the equation is true only when 
x 7 Then as 1x7 28, this value of .r makes the expressions 
on the left and right-hand sides of the sign of equality nuweri- 
eally equal, or the equation is said to be satisiied. 

Instead of subtracting we can transpose the 2 in the precod¬ 
ing example from one side of the equation to the other by 
changing its sign ; thus 4.r 30 -2-28. 

Ex. 2. Sol\e 4x + .'> ',\x f 8. 

Subtract 3x from l>oth sides «»f the equation and wc get 
4s 3j I 5 - S ; 

next subtract f> from each side ; 

. x S - 5 3 

It is obvious that + 3i and +5 dn the right-and left-hand 
sides of the equation resjavtivelv may lie iemo\ed from one 
side to the other (or tramfmsetl) and upjiear on the opposite 
sido with changed sign * . 

Heno«*the rule for the solution of equations is : Transpose alt 
(he unknown quantities to one side, ami all the known quantities to 
the other; simplify if necessary, and divide by the coefficient of the 
unknown quantity. 

The rules referred to als*ve, under (n), (h), (r), (d), can perliaps 
be best illustrated by the consideration of a few simple examples. 

Rri.n (a). 

Ex. 3. Solve 4.r + 2 = 3x f 4. 

Transposing, 4.r - 3x 4 - 2 ; 

, . x=2. 

Ex. 4. Solve 5(* + 1) - 3(* - 5)4 2, or 5x + 5 = 3* - 15 + 2. 

Transposing, &r - .V=2 - 15 - 5; 

2r = -18; 

* = -9. 


or 
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F.x. 5. Solve 


Rruts (&) AND (rf). 

• * ~ 7. 


Multiplying both aides by (1, 

3r*i»i 6x - 42, 


fix OXj: 

.'. - X 


42; 

42, 


- 12 . 


Ex. 0. Solve 


x 16 2 r 


r ' 


-1. 


Let'.M. of deuominatorM ia l. p ». Hence multiplying both aides by 15, 
3x+ 48 - lOx 1ft, 

• 3x- 10x^ -15-48, 

7* - - 63 ; 


EXERCISES. XXVIII. 
Solve the following e<juationa 
1. fix- 15 ~2x t 6. 

a ar*-iox=art x*. 


2. 40 -6x- 16 -120 14.r. 

4. Bar 3 12a//x 2 -3ax 3 4 (lax 2 . 


*i + r' 13 -4- * «• 

7 , ‘^_i) l5(^5 ) + .,^ 0 & ' 

»• w - 1 

11. ?{&-7)-?(x-8|= 4 ’j* l +4. 

12. ><2r-17)-;(16 


= 18. 


*+l *+2 S-* , ., 

U T+T =- r , t l4. 

16. —‘=2if 


t( 2xfl 49 3x n 

14. () A - - 2 

29 i 


fix+2 

30 * 


ir, &-5 

17. , +*= 


7~ 
3*^2 
5 4 


18. 

18. 


r + 2 


r „ O 

c 6”*" 


10 2x-> . &C+3 ,, 4x - 118 
"• S + 17 “ 11 ' 

an nJ-Ll 2 

“a a a + 2 i 


3 2J 


15 12 
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.Solve the following equations: 


21. 

Hr 7 

3r ♦ 7 

l fir i 1 

t 

1 3r * 

2 3 * 


r 1 

.i '2 r 

4 x 5 

23. 


x 3 x 

3 j - fi 


1 

1 

3(r | fi) 

24. 

j- ri * 

r I 3 (* 

I 2)(r 1 3) 


x 

3 c 10 

»>, 

25. 

x i '2 

i 1 ‘2 

• 

3 r 


:ir i r> 

r *2 

4r 3 or 

26. 

13 

11 

r» 1 


x-2 


27. I" tin* equation i - IV i I /?*. 

(i) 1 liven x 103*20, V22, t fiO; find/. 

(ii) .< 00, t J, J 32; find I' 

28 . In tin* foiiimlu >• 2 1 * (iiwii < 100, / ; find r. 

29. In the formula F mr '. dm-n m -- 12, r=3, r=40, g = Z2: 
find F. 

30. (liven Jwr F*. (») When m - 10 . A*--121, s = ."»; find v. 

(ii) m IS, r 12, and F .'111; find •*. 

(in) If m 10, »’ '24, and > 72^; find F. 

31. Kind the \alue of »• from the equation 

»• IS 

a' :m 2 * 

32. In the equation >* u 1 'lit*, find the value of a when t> = 50,' 
M 10, Slid i 100. 

33. In the equation » ,s l' 3 i 'if*. Given r~4,/-2j and *-33f; 
find r. 

34. If in the equation (jme 2 m = 12, i* = 11, I r =5, 

ami s - 9tf ; find F. 

Problems producing Simple Equations with one unknown 
Quantity. Having ascertained how to solve an equation in¬ 
volving one unknown quantity, it is only necessary to express 
the conditions of any given question by means of symbols, and 
thus to produce equations relating to number, quantity, shape, 
etc. 

Ability to solve an equation readily and easily will be found 
of the greatest value in all, or nearly all, questions in applied 
science. The l>est practice at the outset is to make up simple 
equations, and having done so, to proceed to solve them. Thus, 



PKOBLKMS PRODUCING SIMPLE EQUATIONS. 89. 


an a simple suggestive example, take any nuinlw, say 8. Then 
1 added to tw^e 3 gives as a sum 10. Expressing this in 
svmlxds we have 

£r-M 10. 

from which s 3 

Again using the nuih* nvmbei «r -an muv that if 15 Ik» added 
to the number twue tie* "11111 will he 18. Expressing this in 
tty till tola wo lu\e # 

2 ( *' }• 15 ) - 18 , 

2/ ‘12 is, 

or / 3 

A few questions and tlieii solutions ate given to show tho 
method by winch some tequued <n unknown quantity, .r, is 
obtained from an equitum 

Ex. I The di!lercn<»* of two mimltcre i* It If II tunes the lew 
l>c subtracted from ti times the gieater, the remamdet is 33. What 
are the numlxTS? 

Let x denote the smaller number. 

Then r 1 14 will represent the* greater numl>or 
Further, 9r is !l tunes t^e smaller nnmhei. and Mr 1 14) is6 times 
the greater numls r 

But when 9 times the small* r is subtracted from 6 times the 
greater, the remainder is 33 

fl(r,14i 9* 33, 
or Cu • .84 !♦,/• 33 : 

3r 33 84 - fd, 

or j = 17 i“ the smaller number, 

and x > 14 31 is the greater number. 


Ex. 2. What number is that to which, if 8 l*e added, twice the 
sum will be 28 ? 

Let x denote the number. 

Then xtS is the mimler with 8 added, and 2(x + 8) is twice 
the sum. 

But we arc told that twice this sum is 28. 

Hence, 2(xt8)-28; 

2X-.-16 28, 

2r 12, 

x-6. 


Transposing. 
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Ex. 3. «The age of the eldest of three children is equal to the 
sum of the ages of the other two, the ages of these two being in the 
ratio of two to three. In ten years the age of the eldest will be five 
years more than half the sum of the ages of the other two. Find 
their present ages. 

Let .Hr anti 'lx In? the present ages of the two younger children. 

Then 5x is the present age of the eldest. 

In ten years the age of the eldest will he ftx 4 10. 

3x 1 10, and f-10 the age* of the two younger children. 

Hilt fur t 10 »5(2* + artl»)+S, 

Gx I 10 - .! (G* i 20) + 5, 

\ 5x o, or r-2. 

Hence the ug.a are 10, 0, and 4. 

Ex. 4. The diameters of two pullers are as 2 to 3, and the sum 
of the diameters is 30 inches. Kind the diameter of each. 

Let Hr and 3.r denote the diameters. 

Then Hr t Hr-30, . x - (>. 

Hence the diameters art* 12 inches and 18 inches. 

Ex. ft. A stone let fall from the top of a well is found to take 
3 seconds to reach the liottom . find the depth of the well. 

Here (see p. 84) s 4 «. 32'2.\ 3 3 

=r 1(1 U 9 
-144 9 feet. 

As the space described Hy thd tailing stone in 3 seconds is 144*9 
feet, this also denotes the depth of the well. 

Ex. 6. In. what time will a stone fail through a distance of 
84 4 feet? 

Here 64 4 4 v 32 2 x t *; 


The time loquircd will be 2 seconds. 8 

EXERCISES. XXIX. 

L Divide a line. IS inrhos long, into two parts, such that one is 
three-fourths the other. 

2. A post is one-fourth its length in mud, one third in the 
water, and 10 feet above the water ; what is its whole length! 

3. A man can walk a certain distance in four hours. If be W ( ere 

to increase his rate bv one-fifteenth he could walk one mile more in 
that time ; what is hU rate ? • * 
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4. If 10 be added to a certain number, three-fifth* the aym ia 66 j 
find the number. 

5. Two nurnltv* have a difference of 15, and a sum of 59; find 
the numbers. 

0 What uumUr is that to which if 'it) be added the sum is 
equal to three times the required mmiUr’ 

7. If 0 Ui added to a certain numW, twice the sum i» if-I; what 

is the numUr ? * 

8. The iiiffereiue of two iiuiiiUth is <1, but if 12 be added to 
4 times their sum the whole is equal ^o 60 : find the numUrs. 

9. A rectangle is 0 feel long, if it were 2 feet wider its area 
would be 48 feet, find Us width. 

10. A general aftei losing a Iwttlo found that he had onlj jj of his 
army fit for action. weie wounded, and the lenmiiuler, 2000 men, 
were either killed or mming • of how many men did his army 
consist at first? 

11. A roll of cloth was Innight at 5s fid .1 jaid, and another roll, 
25 yards longer, at 5s a \ard : the two togethei cost £100. 15s. 
How many yards were tin re 111 each roll ? 

12. Divide £1120 U*tween A and H, ho that for «\erv half-crown 
which A receives H may leoenc a shilling 

13. The greater of two numbers is 7 tunes the less, and their 
difference is 36. Find the numUrs. 

14. Divide £1000 Wtween two persons w> <h,»t one may have £10 
more than half of what Ui^ither has 

15. Find the number so that, if 5 U* added to it, the sum is equal 
to half the excess of 100 owr the number. 

16. Find a number such that, w hen diminished by 3, one fourth the 
remainder may l*e greater by 2 than one-fifth the original number. 

17. Divide 279 into two parts such that one-third the first part is 
less by 15 than one fifth of the second part. 

18. What is the price of an egg when a rise of ‘20 jht cent., in the 
price would make a difference of 48 in the nmi.Uu which could be 
nought for 30 shillings ? 

19. Find two numlit-rs whose sum is 39 and whose difference 
equals a third part of the greater. 

20. A has £3 and II has £2. 8s. How much shall A give B tliut 
B may then have three times as much as A ? 

, 21. Find two numbers such that their sum is 68, and that half of 
one exceeds one sixth of the other by 15 

22 A man s age is 40 years, and that of his son 9 years ; what 
will be the age of the father w hen he is twice as old as the son ? 

23. A person has a certain sum of money of which he spends |, 
and then 1 of the remainder ; if he lias 5s. Id. left, how ranch had 
he at first ? 



9*2 


WORKSHOP MATHEMATICS. 


24. A [pan does twice on much work as his son. How long would 
they take to do a piece of wotk together which would take the son 
alone do days ? 

25. Fjnd the number of feet traversed in n seconds by a train 

travelling at. it iindoim rate ot b miles per houi. • 

26. Divide 17"24 into two parts, such that one quarter of the tirst 
addl'd to one thud ot the second liiaket -V06. 

27. Divide 12 oti into two parts, one of which is 3^ times tho 

other. % 

28. A distance ot 1*1121 teet is to be divided into two parts whoso 
difference is 0 2ti.’> leet What is the length ot each pari ? 

29. Divide 20 into two pints, one of which divided by the other 
is 3 .'iG. 

30. An engineer has .'»o vvoikmen to w’hoin he pays £)6 per dav. 
He piys 6s. Sil each per day to some of them, and 6s. to the 
remainder. How mam lias heat each late? 

31. The ages ot a man and his wife added together amount to 
7*2*36 years; littero \eais ago the man’s age was 2*3 times that of 
his wile ; what aie tlicir ages now ? 

32. («) Find three eonseeutive ewt nundwts such that their sum 
iB 60 

(b) Five years ago u.is tom* times as old as //. At the present 
time lie i« tluee tune" as old What is .f s age now ‘‘ [U.K.I.J 

33. Two locks and ’.lnee ke\s cost las 6d Thiee looks and two 
keys cost IDs. Gd. Kind the cost of one look and of one key. 

[N.U.T.] 

34. A slow (lain takes r hours and a fast train (r- 1) hours to go 
from .1 to It. If then avei.ige jqiceds ditter by (r+1) miles per 
hour, tind in tetniH of r tin- distance from A to It. Find the value 

when c =7. [N.U.T.] 

35. Tho weekly vv ages for 32 men and 91toys in a certain workshop 

is £73. l(to. One man and one l«iy together receive £2. IBs. What 
is the weekly wage ot each man and Uiy if all the men are paid the 
same wage and all the boys receive the same asiiount ? [N.U.T.] 


Summary. 

Simple Equations.—A statement of equality Wtwoen two algebraic 
expressions is called an equation, and it is called a simple equation 
when it involves only the first [lower of the unknown quantity. 

In an equation the results are still equal if corresponding opera¬ 
tions {addition, subtraction, multiplication, division, involution, and 
evolution) are performed on both sides of the equation. 
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Measurement. r Hu‘ mea-im-ment of a quantity is known 
when we have obtained a mnhl»i \du< h m«lt< a tea its magnitude. 

It is necessaiy, therefor**, to wle» t -'.me d< limte quantity of 
the same kind, an a unit, and then to pimml to find how many 
tunes the unit is contained in the quantity to In* measured. 
'Hie nuntlier of tunes that tin* unit is <outlined in the given 
quantity is the nmueneal value of the quantity. 

Nearly all the quantities with wlimit the man of science and 
the practical man are filled upon to deal aie <om«ine<! either 
directly or indirectly with length, mass, "i time. 

Fundamental and Derived Units. The pt unary or funda¬ 
mental units are three in miinU>r, »atnd\ f'mt <>f bngth, unit 
of mu**, unit of turn' » * 

All derived units are either multiples 01 sub inultipleH of 
these primary unit- 

Units of Length. In order that length nun Is* measured 
there must lie Iwth « unit and -/ atu/v/ord The unit is a certain 
definite distance with which all other distances can Is; com¬ 
pared ; and a standard is a bar on whicli the unit is dearly, 
accurately, and permanently marked The two units most 
generally adopted are the yard and the metre. 

The British System. In this system the unit of length is 
the yard. It may lx* defined as the distance between two linos 
on a particular bronze bar when the W is at a certain temper¬ 
ature (62* F.). The bar is deposited at the Standards Office of 
the Board of Trade. 
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• The importance of specifying the temperature at which the 
distance liMween the two lines on the lair is the exact length 
will be evident when the Alteration in the size of liodies due to 
a change of temperature is considered. # 

Sub-Multiples and Multiples of Yard. The yard is for 
many purposes inconvenient, and smaller units, or as they are 
called Kiib-mitltifi/rn of the unit of length, are often used. To 
obtain these smaller units, t^e yard is divided, first into three 
(H)iial parts each called a font. The foot is again divided into 
twelve equal parts called an inch is further sub-divided 

into eight, ten, sixteen (or more) eipul pails 

Where fractional paits of a foot are required it is often 
convenient to express feet and the pails of a foot in a simpler 
form than as feet and indies Tins is done hy dividing the 
foot into ten equal parts; the fractional paits are then denoted 
by ,\j, , 7 j, etc, or 1, 2. etc , of a foot 

Multiples of the \aid are used when comjHiratively long 
distances have to be expiessed. Thus, 1 mile -1760 yards= 
5380 feet. The multiples and sub-multiples of the uuit are 
given in the following table. 

It must be at once remarked that inMie British System there 
is no simple relation connecting tin* unit of length with the 
units of area, volume, and mass. It is only by a long and 
troublesome process of multiplication and division—such as* 
reducing,feet or miles to inches, ounces to pounds, etc.-that 
we can proceed to find ureas, volumes, etc. 

British Measures of Length. 

[The unit is divided by 3 and 36, etc.; also multiplied by 2, 
5j, 220, and 1760 J 

12 inches-^ 1 f*n>t. 40 poles, or 220 yards - 1 furlong 

3 foet - 1 yard (unit). 8 furlongs» 

2 yards *= l fathom. 1760 yards J -1 mile. 

5^ yards = 1 rod, or pole. or 6280 feet) 

The above table will serve to show how x'ery inconvenient 
the British Unit and its sub-multiples and multiples are for 
most purposes, since a cumbersome calculation is required to 
convert the oue into the other. 
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Fig., 6 shows one edge of a 12-inch tttel tcale or straight edge. 
The first inch in represented divide! into Ifl equal jvirts, and for 
tlio convenience of the person using the strait* some of the lines 
are made longer than others. This enables a dimension to be 
refd off much more quickly and accurately than would otherwise 
be the case. Thus, the cross-line at r dividing an inch into two 
equal parts is seen to Ik* longer than any cross line Wtween a 
and c, or Wtween r and l> In a similar manner the. cross lines 
indicating the quarter inches ar# longer than those indicating 
the eighths, these in turn Wing longer than tin* sixteenths. As 
the number of divisions increase the lines naturally become 
more crowded together, until the distances between the divisions 
when an inch is divided into equal parts, those indicating 
the sixty-fourths, beemne very minute. 



Fio 6.—Inchw (ilvlrlwl lute 8 »n t Iff oquul |>art« A Uvrlmetrc divided 
into 10 centimetre* and lVJ millimetre* (Hie iticbcN and leiitimutre* 
are not drawn to a true node. l»ut their couijwr.tt.iVf ditucii»ii»u« may be 

Men.) 

Th» French or Metric System. 'Hie Metric System is 
extensively used for all snentifu. and in many cases for com¬ 
mercial purposes, and is in every way 1 teller and simpler tlian, 
the British method. 

In the metric system the standard of length is the metre, 
defined originally tqbe the 10,000,000th part of the length of a 
north and south line, or meridian, stretching from the equator 
to one of the poles. The determination of this length was found 
to be slightly incorrect, and the metre, as in the case of the 
British standard yard, is defined as the distance at 0* C. 
between two marks on a particular platinum bar preserved at 
Faria, and known as the Mfetre des Archives. Copies of the 
accurate standard metre are to be found in several national 
repositories in Europe. 
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Multiples and Sub Multiples of Metre. The metre i h 

divided into Id equal | tarts railed (h'rinu'tn't ; the decimetre is 
divided into It) equal parte earh railed a vtnBmfitre: hence a 
centimetre is one hundredth of a metre, and this sub-multiple 
of the unit is the moat commonly used of the metric measles 
of length. 

The renhmrtie is divided into ID equal parts each known as 
a inillinu’trf. 

The met 10 is equal in length to 3JV37 in« lies, and is thus 
slightly longer than our \.ud Its length is loughlv 3 fret 3$ 
inches, which numhci ran he easily remembered as it consists 
throughout of tliirrs 

'Hie foot is equal in length to 30 |m centimetres. 

Referring to the uppei pait of the stale in Fig (>, the division 
of a decimetre into |o rentimeties (cm ) is represented, but not 
toil true scale Hath <eiitimctie is further subdivided into 10 
equal parts, rat h «t which is a imllimetie. 

If will 1m- seen that a length of ID em is approximately equal 
to I inches A iimie .ti curate relation to remember is that a 
length of 2*> 1 eentimetics or 2M millimetics is equal to the 
length of Id inches Thus, the distay^** fiom a to b may Ui 
expressed as l inch, 2 a I « en timet res, or 2.V-1 millimetres. TTio 
sub-multiples ami multiples of the metro are given in the 
following table 


Metric Measures of Length. 


10 millimetics 
ID centimetres 
10 decimeties 
10 metres 

10 Dekamctrcs oi too 
10 Hektoiuoties or |0l 


-1 centimetre. 

1 decimetre. 
--1 metre. 

-1 Dekametre. 
eties l Hektometre. 
metres--1 Kilometre. 


The I At in prefixes o’. eea/i-, mtlli-, are always used for the 
tenth, hundredth, and thousandth parts of the unit; in a similar 
manner the Wreck prefixes I)eka- S Uekto -, and Kilo-, are used for 
the multiples of the unit. 

It is convenient to reinember that, approximately, 2 5 cm. = l 
inch, and S kilometres-5 miles, for these numbers enable a 
measure to be readily converted from one system to the other. 
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For accurate calculations, the following relation* between the 
two HytitoiiM of measurement should lie used. 

Oonveraion of British to Metric Measures of Length. 

• 

- 1 inch 2’M centimetres. 

1 foot 3i>'4« eentimetres. 

I yard •UlMlnietre. 

1 mile 10W 33 metres 

Metric to BHtish. 

1 millimetre 03!) inch 

1 centimetre 301 inch 

/ 30 371 inches 
1 metre | 3 2H feet 

l 1 '001 \ ai ds 
1 Kilometre <M>2I mile 

Abbreviations. The following abbreviations are generally 
used, and should l>e carefully i emends red , this may 1 h* easily 
effected by taking the precaution to us** tin* abbreviations on all 
|x>ssible occasions. 


l^ntfth 

III. is used to 

feiiote ui< h or inches 

ft. 

feet 

deni. 

.. dec unetie oi decimeties. 

cm. 

n ntimetie <u o iilimetH s. 

mm. 

millimetre or millimetre. 

gm. 

gram or graniH 


Feet and inches are also indicated by the uses of dashes ,' and ", • 
at the top and right-hand side of a figure. 

Thus, a dimension of 2 feet and 1 inches may }>e written as 
2 ft. 4 in., or S' 4". • 

This method, though widely adopted in practical work, may 
(unleas care is exercised) sometimes, however, Is; confusing, for 
the signs ' and " are also used to designate certain angular 
measurements ; they are also used to designate primes and 
seconds in duodecimals. 

Measurement of Length.—By means of a rule or scale, as in 
Fig. 6, any direct measurement can be roughly estimated. 
w.m. i. « 
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To enable a dimension to bo made with a higher degree of 
accuracy, other and more accurate instrument* are required. 
a b These aje known ks calipers, screw- 



gauges, verniers, etc. It is only pos¬ 
sible in these pages to refer to n few 
instruments in common use, and it*is 
far better to see and use these than to 
read about them. 

*• Calipers. In many cases it is diffi¬ 
cult, if not impossible, to determine a 
dimension by direct measurement, 
therefore ealqiers, a screw-gauge, or 
other form of instrument must l»e 
used for the purpose. 


Pin 7 I uni'll! and outsido 
thlipcrn 


Thus, in measuring the diameter of 
a sphere or a cylinder, it will Is* obvious 


that a scale, like that in Fig. (J, cannot lie used for the purpose. 


Two common forms of calipee hi general use are known as 



Flo. a— Inai' 4 « Caliper* ii«k1 Flo. 9 . - OuUtde Caliper* employed to 

to determine the width, or dia- hud the diameter of a epoere or cylinder, 

meter, ot • cavity. 



CALIPERS. 


90 , 

inirirftt and oufxitfc raliptr*. The former is shown at A , and the 
latter at B in Fig. 7. It wift probably l»e obvious that both the 
forms shown maj lie used advantageously for many purposes 
where a straight wale would Ik* altogether unsuitable? One 
such case is shown in Fig 8, in which a |*air of inside calipers is 
used to ascertain the width, <<r diameter, of a cavity Similarly 
in Fig 9 a pair of outside calijsrs is used to determine the 



Flo. 10.—C*llpera applied to a »calo and diameter tumid to 1« f Inch. 


diameter of a sphere, or cylinder. When the requisite dimen¬ 
sion is obtained, iU magnitude in each case can be* ascertained 
by applying the calipers to a wale, Fig. 10, and noticing the 
length on the scale included between the two edge* of the 
calipers which touched the object measured. 

A more accurate method is, however, furnished by what is 
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ml led a gtrew-ffamje. These instruments are made in several 
forms, but that in common use is shown in Fig. 11. The 
instrument consists of a fixed frame F, tAniinating in two 
limbs ,! and B. Through one limb B a 
fixed screw P jiasses, and through the Other, 
A, a movable screw A', which is actuated by 
a spindle terminating in a milled head If. 
'Phils, the rotation of II in a forward or back¬ 
ward direction causes the end Q to approach, 
or to recede, from the fixed end /'. It also 
causes the sleeve A', to which // is fastened, 
to rotate and also to slide along the fixed 
part carrying a scale. When the ends Q 
and P are in contact, the scale on V is 
covered, and the graduated tun, A’ a is at zero. 
Hy lotation of //, (j is made to recede from 
P, and the distance between the ends, and 

__ therefore the diameter, 

or length, of any ob¬ 
ject wlueh will just 
pass between them is 
given by the reading 
on the scale on C y 
together with that on 
the graduated edge A*, 
in this manner, read¬ 
ings can readily l>e ob¬ 
tained to within ^ 
inch or t of a milli¬ 
metre. 

Wire Gauge. —To 

indicate easily the dia¬ 
meter of a wire, or the 
thickness of a thin 
plate, is & rather 
troublesome operation 
to a practical man. Thus, wire ^ in. diameter is expressed ded- 
mally *0025 in. To avoid the inconvenience of dealing with three 
or more decimal places, wires are made of standard sizes, and each 



Fin. 11.—Screw Gnup«. 
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sizfl is (lfwi^nntwl hy a particular mimW, To find the wire of a 



Flo 12 - KfoUiitfulur Wire Ouugr 


win*, or its utandaid muni h i, what is known as a wito-gnuge IR 
used. 'Hus usually con¬ 
sist* either of a thin i oct¬ 
angular steel plate (Fit; 

12'or a thin circular steel 
plate (Kip. 13) In each 
ca»e, to the oja-mugs 
which occur all round 
the edge, nundierH an* 
given, and these numbers 
indicate the dimension* 4 
of wires which just lit the 
openings. The dimen¬ 
sions corresponding to 
these numbers are regis¬ 
tered in a table. 

13 - Circular Wlro Oaiikc 



EXERCISES. XXX. 

Find approximately tke number of metres in 
I. 1 in., 1 ft , I yd., 1 ]*>Ie 2. I eh , 1 fur., 1 mile. 

3, Find the number of poles and chains in 5.V3202 metres. 

4, Show that 32 metres are approximately espial to 35 yards, 

6. Reduce 8 metres, 7 decimetres, 5 centimetres, to yards, feet, 
and inches. 

6. Express 3 miles 7 furlongs 1*2 poles in metre*. 

7. A yard being *9144 of a metre, hud the number ol metres in 
1J miles. 
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8. The metre is approximately the ten-millionth part of the 
distance from the pole to the equator. Taking /he earth s circum¬ 
ference as 24855 *2 miles, find the length of the metre. 

9. (Obtain the number of kilometres in 100 miles, 

10, H a franc is equal to 9‘38 pence, what is the cost in English 
money of a yard of silk worth 74 francs a metre. 

11, How many steps would a man take in walking 2J kilometres, 
each step being 2 feet 8 inches long, and a metre 8 feet 3 37 inches? 

12. Obtain (i) the number* of feet, and number of metres in 
•Ml259 of a milo; (n) nuinlier of miles, yards and feet in 10,000 
metres 

13. A vc.scl steams 16 knots. How many metres per second is 
this'equivalent to’ 1 knot-- I 15 miles per hour. 


Summary. 

Measurement. - A convenient unit is selected, and the number of 
tunes the unit is contained in the quantity to l>e measured is the 
numerical \alue of the quantity. 

The throe quantities to bo measured are Length, Mass, and Time. 

Primary or fundamental units are comprised ii. the unit of length; 
the unit of mass : and the unit of time. 

The derived units are multiples, or sub-multifilei of the fundamental 
units. * 

The yard and the metre arc the two fundamental units of length. 

In the British System, the unit of' length, the yard, is the distance 
between two marks on a certain bronze bar when the bar is at a 
•temperature of 62° F. The l>ar is deposited in the Standards 
Office, v 

The derived unit « are obtained by dividing the yard into three 
equal parts, each 1 foot, which is again subdivided into 12 equal 
parts, called inches; these are again divided into 8, 10, 12, 16, or 
more equal parts. 

Multiples of the unit aro 1 mile--1760 yards, or 5280 feet; 
5J yards ~ l rod ; ami 220 yards - 1 furlong. 

In the French or Metric Byetem the unh of length is the Metre, 
and is the distance between two mirks on a platinum bar when the 
temperature of the bar i* 0’C. 

The deriivd units are obtained by dividing the metre into 10 equal 
parts each called a decimetre ; this is further subdivided into 10 
equal parts or centimetres, and again into 10, giving millimetre* - 

Measurement of Length. —Instruments used in measurements of 
leugth are Calipers, Screw-gauges, etc. 
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I’LANK ANC1.KS ANGULAR MKAKUKKMKNT. 

A plane angle is tin* inclination of two lines which meet each 
other hut are not in the *%june straight line. Thus, if a line AO 
meet a line OO at 0 (Fig M), 
the amount of owning be¬ 
tween the lines CO, 0.1 m 
called the angle A0t\ If 
only one angle is formed at 
0 , the angle may he written 
as the angle O; but if several 
angles come together at the 
same point, the middle letter 
indicates the vertex of the 
angle referred to 

It must lie very candidly 
observed that the angle i* tndrjtentient of Of I myth of thr Une$ 
fuming the tide* or leg* of the angle. Thus, the angle 0 may be 
accurately described either as the angle .1 Of, or MOS. 

Angular Measurement. I n angular measurement, as in 
linear measure, a suitable unit of measurement is selected, and 
the number of times that any given angle contains the unit is 
the numerical measure of that angle. 

The two unit* in general use are the degree and the ra dian 
The degree is obtained by drawing a circle of any convenient 
radius, and dividing its circumference into 3(50 equal parts. If 
two consecutive divisions be joined to the centre, the two lines 
»o drawn contain a length of arc equal hi A ^th j»art of the 
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circumference of the circle, and the angle between them in 
known as an angle of one degree. If, in the^ circle, two radii 
are dn^wn perpendicular to each other, they enclose a quarter 
of the circle, and hence a right angle consists of IX) degtpes, 
written JM)\ Each degree is divided into 60 equal parts, or 
minutes ; and each minute is again subdivided into 60 equal 
parts called seconds. 

Abbreviations aie used /or these denominations. Thus, 
52" 14’ 20' f> denotes 52 degiees 11 minutes 20 5 seconds. 

'Hie magnitude <>f an angle in degrees, minutes and seconds 
may be indicated as shown in the angle COA (Fig. 14), or Creek 
letters may lie used for the same purpose. Thus, the angle COA 
may lie designated by 0, the angle AO!) by </>, and the angle 
DOE by a. 

Radian. -The remaining unit, tin* nuiian y may be obtained 
by drawing as before a circle of any convenient radius, and 
marking off a portion of the circumference equal in length to 
the radius. If straight lines be drawn from the extremities of 
this arc to the centre of the circle, they will enclose an angle of 
one rutin r«, or 57 2058 degives, approximately 57°’3. 

Representation and Measurement of Angles.— As the 
length of the lines foiming the two sides of an angle have no 
connection with the magnitude of the angle, the actual size 
is best expressed by the frac¬ 
tion of a circlo which the 
angle in question subtends 
at its centre. This is done 
in the following manner. 

With centre 0 and any 
convenient radius, describe a 
circle CODE, as shown in 
Fig. 15. 

If we suppose a small 
pointer (such as the minute 
iiand of a clock or watch) 
free to move about the centre 
Q y made to coincide with OC 
and afterwards made to move 
from C towards B to a position A, through an arc CA one-sixth 
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of the circumference, then the angle CO A is a sixth parf of 360*, 
or is an anglo of 6P degrees, written as 00°. In a similar manner, 
if it moves to li it will trace out an angle of 90 degrees. , 

V^hen it moves to a position A' it is evident that the angle 
traced out is greater than a right angle. 

All angles greater than a Tight angle are called obtuse angles. 
Consequently, the angle COA' is an obtuse angle 

Angles less than 90', or less t)«nn a right angle, are acute. 
'Hie angle CO A is an unite angle. FYom the foregoing con¬ 
siderations it Mill Is 1 seen that an angle is measured by the. 
number of dojree* tn th>' are o f the circle , having the vertex of the 
angle as its centre, intercepted by (he ttro hues farming the angle. 

Comparison of the Magnitudes of Ajigles. -A comparison 
of the magnitudes of two angles d/fC'and OFF (F'lg 16) may bo 



Pm lfl - Companion of th' Tiia*piltu'lui of two 

* 

made by placing the angle OFF on the angle ABC, so that the 
point F exactly falls upon the point H and the line OR along 
the line AH. Then, if the line RF falls on the line BC the 
angles art? said to be equal The angle OFF is less than the 
angle ABC if FF falls within B<\ as shown by the dotted line 
BC. It is larger if it falls outside Bt ’. 

This method of superposition is readily performed in the 
following way: l>raw from centres B and K two equal area AC 
and OF, so that BE and FF in the one ease are equal t a AB 
and BC , respectively, in the other. If the point A Is* joined to 
the point C, and 0 to F, then, if AC is equal to OF, the 
angles ABC and OFF are obviously equal. <>r, using a 
piece of tracing paper, make a tracing of OFF, and by placing 
the tracing on ABC, the comparison is readily made. 
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To sot out a given angle.—Bv means of what is called a 

0(1’set square shown at (i) (Fig. 17), angles of,60", 30”, 90" and 
120 eaj lie sot out. Also hy means of the 45° set square shown 
at Fig. 17 (ii), angles of 4.V, 90’, and 135’ can be marked** 
Other angles, viz. In’, 22V’, and 75° can also be obtained by 
using these Hot squares and a pair <tf compasses. 



Fw. ("(b- A ou' net ».|,mro Flu 1? (II). -A I.V set »,|.ianj. 


To set ont an angle of 15”. - 'Make an angle ABC (Fig. is) 
equal to 3U with the set square (i). Bisect the angle ABC by 
a line III), then A HD and Dill' are each 15*. To bisect the 
angle ABC we proceed as follows : With K as centre, and any 



Fio. 18 -To set out an anglo of i.v 


convenient radius BA, describe an arc .Iff. With A as centre, 
and any radius, describe an arc ; and from C, using the same 
radius, descrilw another arc cutting the former in [mint ft. 
Join I) to ft then Bl) bisects tlio angle ABC, and therefor* 
makes an angle of 16’ with .Ift 
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An angle of 22&® in obtained in a similar manner* Make 
an angle ABC (l$ig. It)) equal to 40“ with the set square (ii). 
Bisect the angle ABC by the 
line HI) as descrilied above; 
then the angle ABB is equal 
to 22$°. J 

An angle of 75 . To obtain 
an angle of 75® it is onlv nete>- 
aary to use the two h* t squares 
Tims the angle ABC p, made 
equal to 15® bv using set equate 
(ii), next adding to tins the 
angle 30® bv means of t square (i) Tin 



wrt out an angle of 
angle ABB 75®. 


If the 00° angle of .set square (>,) U» added It* the angle ABC 
(Fig. 10) the angle obtained ^ ill In 105® 

Use of Protractor. Angles which are not conveniently ob¬ 
tained by construct ton arc set out by means of a protractor. 
Two fornn* of such protra. ton* aie shown in Fig. 20. 'Hie first 



consist* of a thin flat rule or scale made of boxwood, ivory, or 
other material, along the edge of which angles are marked. 
These marks are obtained from the corresponding division on 
a semicircle as shown in the illustration. 
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Ex. I. * Sot out by a protractor an angle of 50 a . 

At the point PfFig. 21) we place the mark * of ^ig. 20 coincident 
with P, and the edge of the protractor BC with the line PM. 

t 



Make a mark opposite the division indicating 50° on the protractor. 
Kemovo the protractor and join the mark to P. An angle MPN 
containing 50° will have boon made with the given line PM. 

How to Use a Protractor to Measure an Angle.— In a 

similar manner, when used to measure** given angle, the edge 
B(' of the protractor is placed coincident with one of the lines 
forming the angle. The mark * on the protractor is made to 
coincide with the vertex of the angle, and the point where the 
other lir>vcrosses the divisions on the scale is noted; this shows, 
in degrees, the anglo required. 

Beale of Chorda. —At the lower part of a protractor there is 
nearly always a scale, as shown in Fig. 20, marked “ CHORDS.” 
It is known as a scale of chords, and this scale am be used to 
set out an angle. To do this proceed as follows :— Set a 
pair of dividers to the spac'e between 0* and 60’ on the scale 
of chords, and, with this distance as radius and P as centre, 
describe an arc of a circle large enough to contain the 
required angle. Again apply the dividers to scale of chorda and 
measure a space equal to the numl>er of degrees required. Then, 
with M as centre and the length so obtained as radius, cut the 
arc JfiV at .V. Join A’ to P. Then Mpy is the augle required 
(Fig. 21). 
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Similarly to measure any given angle ARC( Fig. 22) by mean* 
of a mail- of chords. Using the compasses, obtain a distance U" 
to CO", ami witlAhis distance a* radius make an art DK. 

Place one point of the compasses on V and the other cotaeiding 
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with A*. Apply the measurement />A' to tin* male of chorda, 
'file reading will gne tl^* magnitude of the angle A /R 

Unit Of Time. The sun ap|s*.irs iifH.ii the eastern horizon 
every morning; it iws higher and higliei in the sky, and 
reaches its highest jw.mt at noon, wln n it is seen exactly in a 
south direction, and therefore shadows thiown by it \jp north 
and south. ’Hie internal of time Is-tween the instant at which 
the sun is due south one day and that at which it is due south 
again the next day is a Wor i% f >n account of certain causes . 
which it is not within the province of this Ismk to consider, 
this interval varies throughout the year. Ky adding together 
the lengths of all the solar days in a year, and dividing by 
36.1, an average length of day is obtained. This is called a 
mean tohr <%. The unit of time used for all scientific purposes 
is the 86,400th part of the mean solar day, and is a mean tolar 
teamd. Engineers and other practical men use the minute as 
the unit of time, so that their usual unit is the 1 440th of a mean 

solar day. , , 

Clocks and watches keep mean solar time, but sun-dtala keep 
sun time, or apparent tolar time, which is sometimes fist and at 



WORKSHOP MATHEMATICS. 


tin 

other times iif thf your slow in comparison with mean time. 
I lie difference may amount to aliout fifteen minutes either way. 

( 

• Summary. 

ml??* 1 A I >,an0al w , '> i’ the inclination of two lines dnich 

meet each otlior hut are not m the same straight line. 

Anptlar Measurement The two units of angular measurement 
are tint tlnjrrr anti the mlim. 

a,1 X Cin ' ( ' he <l n "h'li into 360 equal parts, and any 
h " jninM .. .. enclosed 

“ST, o h " ra,ila " “ thn a,, K l< ‘ at ‘he centre of a circle suh- 

apjltoxinl:;;.''"' .. "> .. . 1 "*“ = «* degrees 

Bolt of time. The unit of tune, invariahly used in scientific 
wurh „ one won d, which is the 86.4IHIH, of a mean solar day 

S?h. h 2SL. u a , m , ,7 l r.r ■* »<> <**«» 
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Definitions of some Common Plane Figures. triangle 

is a plane figure bounded b\ three straight lines Any one of 
its three angular points .1, B, or f (Fig 2.’1) may Ih‘ looked upon 
as the vertex; the opposite side is then railed Uie base of tlie 
triangle. Tl»e altitude of a triangle is the perpendicular 
distant of the vertex from the l>ase. 



• 

Equilateral Triangle. —When the three sides of a triangle 
are equal, the triangle is an equilateral triangle; also the angles 
of the triangle are equal, each being 6"\ 

IlO* coles Triangle.— When two sides of a triangle are equal, 
the triangle is an isosceles triangle. 

A right-angled triangle (Fig. 24) is a triangle one angle (C) of 
which is a right angle; the side (AB) opposite the right angle ia 
called the hypotenuse. 
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flu 26.—A KocUUtflo 


Flo. 27 --A Hqmr. 



Flo !?S \ Uboml'tiH 



Fio. 30.- A Quadrilateral 


A parallelogram is a four-aided 
figure, the opposite pities of which are 
parallel. 

A rectangle is a parallelogram pav¬ 
ing each of its angles a right angle, 
or, m otlier words, each side is not 
only equal in length to the opposite 
side, but is also perpendicular to the 
two adjacent sides. 

A square is a parallelogram which 
has all its sides equal, and all its angles 
i ight angles. 

A rhombus is a parallelogram hav¬ 
ing all its sides equal, but its angles 
are not right angles. 


A trapezium is a four-sided figure 
which has tvo of its sides parallel. 


A quadrilateral is any figure what¬ 
ever, enclosed by four straight lines. 


. The altitude of a parallelogram is the perpendicular distance 
between one of the side.s assumed as base and the opposite aide. 

Measurement of Area.—Most readers of this book will prob¬ 
ably already know the difference between lengths and areas. 
But to make quite certain we will take a few simple examples. 

Provided with a rule, it would be easy to measure the length 
of the room and its breadth or width. Now, if we were going to 
have a carpet put dowp, we should give the upholsterer the 
order, and he would pay us a visit to measure the floor. You 
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know very well it would not Ik* enough for him to measure the 
length of the room only, or its width only, becauao lx>th of these 
are measures of (length. To know how much earjx-t he wants, 
the workman must find out the amount of surface the fl<*>r has, 
or yrhat ia called its area, To do this he measures lx>th the 
length and width of tin* flooi, and when he multiplies them 
together he gets the area,*if the room is a square or rect¬ 
angular one. If he me.iHiires the length and wnlth hi feet, 
then by multiplying them together he gets the aiea of the floor 
in square feet ; if the measurement of the length ‘and width 
were taken in inches, the an-a in square inches would 1» 
obtained by multiply ing them together. 

Whenever an-a-aie measured in this count n, square inches, 
square feet, square mills, or some other unit from square 
measure is cmplotcd ‘‘Squaie measure ’’ is obtained from 
* long mcastiic *’ b\ multiplieat mui. 

Unit of Area. Measurement of area, or squaie measure, is 



Pia. SI.—1 »quare yard equals « square feet, or 9 r 144 square Inchon. 

then derived from and calculated by means of Meaaurwi of 

W.M. I, U 
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length. Thus the unit of area is the area of a square, the side 
or edge of which is the unit length. 

Area of a Square Yard, or Unit Area.— If the unit length 
l>e a jfird proceed as follows: Make AB equal to 3 feet, as in 
Fig. 31, and upon AH construct a square. Divide AB and JSC 
each into 3 equal parts, and draw lines parallel to AB and 
B(\ as in the figure. The unit area is thus seen to consist of 
9 smaller squares, every side of which represents a foot; thus 
the unit area, the square “yard, contains 0 square feet. 'Hie 
smaller measures of length, the foot and the inch, are much 
more generally used than the yard. If the unit of length AE 
(Fig. 31) l>e 1 foot, the unit of area .1 EF is 1 square foot. 
In a similar manner, when the unit of length is 1 inch, the 
unit of area is 1 square inch. If the unit of length be 1 centi¬ 
metre, the unit of area is 1 square centimetre (Fig. 32). 

If tho side of the square on AE (Fig. 31) represent, on some 
convenient scale, 1 foot, then 
by dividing .1 E and AF each 
into 12 equal parts, the distance 
between consecutive divisions 
would denote an inch. If 
through these points lines be 
drawn parallel to JA’and AF 
respectively, it will be found 
that there are 12 rows of 
squares parallel to AE, and 12 
squares in each of these 12 
rows, lienee the area of a square foot represents 144 square 
inches. 



Ftu.'V.J.— .Square inch and square 
oontimotre. 


British Measures of Area or Surface. 

[ Unit area =* 1 square yard. Larger and smaller units obtained 
by multiplying by 4840 and dividing by 9, 27, 1296 and 3888.] 
144 square inches -1 square foot. 

1296 square inches or 9 sq. ft. — 1 square yard. 

4840 square yards - 1 acre. 

640 acres — 1 square mile. 

When comparatively large areas, such as the areas of fields, 
have to be estimated, the measurements of length, or linear 
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measurement*, aro made l»v using a chain (known a* Gunter's • 
Chain) 2*2 yard* long. Such a chain is subdivided into 100 
links. The square measurement*, or area*. are estimated by 
the spuin' chaini or-484 (22 x 22) square yards in area. Or the • 
aft i a of a square, the length of one side of which is 22 yards, is 
HK) x 100 10000 sq. links* for each < ham consists of 100 links. 
Hence we have the edition 

1 chain 22 Vania 100 links. 

1 square chain 4* I square yards - lOOoO sq links, 

10 square chains 1M»> squaie yards » 1 acre. 

144 square m< lies (sq m ) *1 square foot (sq foot) 

0 squaie feet 1 square yard (sq. yd ) 

30] square yank I squaie perch, rod, or po|e(sq. pn.) 

40 square jx>les 1 r«**d (r.). 

4 roods 1 a< n* (a<.)=*4840 squaie yards. 

640 at res 1 square mile (sq. ui.). 

Metric Measures of Area.- As tin* metm unit of length is 
the metre, the unit of area (Fig. 33) in a square AIil)fS t having 


E 1) 



A U 


Flo. SI — Representing i vpiaro m*tro divided Into 10 kj decimetre*. 

Scale j> c 

the length of its edge equal to 1 metre, and its area consequently 
equal to 1 square me^re. 
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If d/fluid BO ;ur each divided into 10 equal part* and lines 
drawn parallel to ,1 H and ///>, as shown, the unit area is divided 
into 100 equal squares, each of which is a square decimetre. 

In scientific work the centimetre m the unit of length usually 
selected, and the unit of urea is then one square centimetre 
(Fig. 32). 

Metric Measures of Area. 

100 square millimetres 1 square eentimetre. 

10000 „ * -100 sq cm.-- 1 sq. decim. 

100 „ decimetres 1 square metre. 


Conversion Table. 


British to Metric. 


1 sq. in. 

1 sq. ft 
1 sip yard - 
1 acre 
1 sq. mile 


O'151 sq cm 

020 sq cm. 

8301 ’13 sq. cm. 

1010 7 sq. metres 
2'59 sq. km. 
2'59x 10 10 sq.cm. 


Metric to British. 

1 sq cm. 0 155 sq. in. 

1 sq. m 10 704 sq ft. 

I sq. m - I 100 sq. yard. 

I sq. km. -- 0 3861 sq. mile. 


EXERCISES. XXXI. 

1. Find the number of squaro metres infi) 10sq ft., (li) lOsq. yds. 

2. Find the number of square, metres in a quarter of an acre. 

3. Find the number of square metres in 1000 square yards. 

4. Express 2 sq. ft. 25 in. as the deeimal of a square metre. 

5. Reduce 1000 sq. in. to square metres. 

6. Find the numlier of square miles in 25898945 sq. metres. 

7. How many square inches are there in 5 no. 3 r. 35 p. 4 sq. ft. 
101 sq in. ? 

8. Find which is greater, 10 sq. metres or 12sq yds., and express 
the difference between these areas as a decimal or a square metre. 

Summary. 

Measurement of area is obtained directly from the measurement 
of length. 

The unit of area is the area of a square upon a line of uuit 
length. As the unit of length in the British system is the yafd. 
the British unit of area is the square yard. The smaller units 
—the square foot and the square inch —are, however, much more 
convenient, and are generally used. 

The Metric unit of area is the square metre. The square oenti- 
meire, or the area of a square having each side 1 centimetre long, 
is generally used. 
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ARK AS OF PLANK FIGURES. MENSURATION OF RK(TT- 
ANGLK AM) PARALLELOGRAM. PERIMETER. 

Areas of Plane Figures. When tin* numUuH of units of 
length in two lines at light angle** tn e.uli *>tI h*!' are multi j>Imh 1 
together, the prodm t obtained i*» said to 1 m; a quantity of two 
dimensions, and h referred to a* .so many Hquarc inches, square 
feet, square rent mud t «*>♦, <*t< . dc|s-nding iijhiii the units in 
which the nieasmes of the lengths are taken 'Hie result of the 
multiplication give** ttrtat is talks? an area. <h, briefly, the 
area of a surface is the numU-r of squate units (square inches, 
etc.) contained in the surfau* 

It is ol>\ions that although Mjiuie indies or units of area are 
derived from, and cahulated l»y mean* of, 1iiic.ii measiife, those 
quantities only which are of the same dimensions can Ik* added, 
subtracted, or equated to ea« h other Thus, we cannot add or 
subtract a line ami an area Results obtained m such case* 
would lie meaningless. 

It must Ire observed, too, that the two lengths multiplied 
together to obtain ftie area are ]*>rftrmiicular to tacit other. 
This applies to the calculation of all areas. 

Addition and Subtraction of Area*. To mid or subtract 
graphically the areas of two squares, the sides of which are AB 
and CD (Fig. 34), i.e. to find the side of a square having an area 
equal to the sum or difference of the areas of the two given 
squares, we proceed in the following way. 

1. To find the Sum of two Squares. Draw two lines at 
right angles to one another, as BD and BA (Fig. 34). Make 
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BD 4»|uul in length to Cl), and HA equal in length 


A • B C D 



Fin. 34.—Addition an<l subtraction 
of arras 

Or 


to the side 
of the second larger square. 

Join AO. 

Then the square constructed 
on .1 1) will have an area equal 
to th6 sum of the areas of the 
squares constructed on AB and 
CD. 

[This is an application of a 
proposition in Euclid (Book I., 
Prop. 47) which states that The 
square on the side of a right- 
angled triangle opposite to the 
right angle is equal to the sum 
of the squares on the other two 
.tides. 


A D- - A1P+ BD 2 . 
AD-t/AlP + BlA] 


£jx, 1. Let A li - 4 and BD-X 
Then AD=s^+9=\f^=B. 


2. To £nd the Difference between two Squares.— Let AB 

and CD (Fig. 34) l>e the sides of two given squares. To find 
the »ido%of a square, the area of which will be equal to the 
difference of the areas of the two squares. 

Draw two lines at right angles to one another, as AB and BD, 
making BD equal in length to CD, the side of the smaller square. 

With D as eontre, aud a radius DA equal to AB, the side of 
the larger square, describe an arc of a circle. 

Let .4 lie the point of intersection of the arc with the hori¬ 
zontal line BA. 

Then BA is the length of the side of the square required. 

Ex. *2. Let ABs: 10 cm. and DC- 8 cm. 

As before draw two lines at right angles making BD equal to 
8 cm. With D as centre, radius 10 cm., describe an arc of a circle 
cutting A B at A. 

Then AB is the length required. 

AB=%W - 8' J —s 30-6. 
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Area of & Roc tangle. The number of unit* of area in a 
rectangular figure%* found hi/ multiplying together the number* of 
unit* of length in tiro adjacent fide*. 9 

'P’hr, if AD and /ff'(Fig. 3ft) arc two adjacent aide* of a rert- 
anglo; the area of the figure in the product of the niftnlier of 
unit* of length in AD, hy the nund»er of unit* of length in DC. 

The number of unit* in the lowest line of the figure AD in 
usually called the base, or length ;#and the units in lino DC, 
perpendicular to this, the altitude, or breadth. 

Hern e area • base x altitude, 

or length x breadth ah. 

When the adjacent sides are espial in length the figure l»econie« 
a square, and as 6 is uuw equal to a, the area of <i sgi/arc^a*. 


1 ) 


1 

2 

3 
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q 

10 

11 

12 


A B 


Fin 35 — Art's of % wtonglc 


Ex. 1. If the base A D and height DC are 6 and 2 units ofplcngth 
respectively, the area of the rectangle is 12 square units. If A B he 
divided into 6 equal part* and DC into 2, then by drawing lines 
through the points of division parallel to AD and DC, the rectangle 
is dividid into 12 equal squares (Fig. 35). 

The area is obtained in a similar manner when the two given 
number* denoting th£ lengths of the sides are not whole 
numbers. 

Ex. Obtain the area of a rectangle when the two adjacent sides 
are 5 ft. 9 in. and 2 ft. 6 in. in length respectively. 

We may either reduce to inches before multiplying : 

Thus, 5 ft 9 in. =69 inches ; 

and, 2 ft 6 in. =30 inches. 

area of rectangle = 69 x 30 square inches f 

=2070 square inches- 14 375 square feet. 
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Or. instead of first reducing the feet to inches and afterwards 
multiplying, we may proceed as follows : * 

• o ft 0 m .)4 feet and 2 ft. 6 in. =2.1 feet. 

. area of reeianglc - aj v 2.] square feet 

- i ' -2 squve feet- I4jj square feet. 

It is an easy matter to verify the latter example as shown in 
Fig. 30, where ft. aid ft. 



The aiva of the rectangle .1 AV» 10 square feet. 

Area of the rectangle A’//.!/ 2(1 x f) 1 ^ square feet. 

„ the rectangle DFU M 1 * 
rectangle F< 'M l x i — j{. 

Hence the whole area of rectangle .1 lit'D 

10+U + 2|i + j{ square feet 
1 111 square feet. 

Are^of a Parallelogram.—The rectangle is a particular case 
of tho parallelogram, and 

area of parallelogram base x altitude. 

This may also Ik* shown as follows . % 

ls-t. ABCI) (Fig. 37) be tho given 



A B 


Fro. 37.-An*of a 
parallelogram. 


parallelogram. t 

J>raw AF and BE perpendicular to 
.!/>, and meeting CD at A’, and CD pro¬ 
duced at F, then the rectanglo ABFE 
is equal in area to the parallelogram 
A BCD. 

lienee, ami of parallelogram 
Eise x altitude — ah ; 


or, the distance beftreen a p*iir of pi rail el sides multiplied by one 
of them. 
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If the areas shown in Kip 37 Ih> drawn on n sheet M paper, 
then hy cutting^mt. the right-angled triangle H(’E } inverting 
and fitting it to the other end in the way the figure makes clear, 
the jKirallelogram is converted into a rectangle. 

When a numtier of rectangular pieces of imlllxiard, card- 
lioard, or thin wood (a pack «»f cards may he <onvenii*ntly list'd), 
lie each directly u|hui <.no another the side edges form a 
rectangle, the area of which i* ^etjual to AflxH(\ units of 
area, as shown hy tin* r<*< tangle .1 IH’D (Kig 3 M ) 



A B u E 

t »<» 3 h AppAmt>>« t« 'how that win n tho has** an>l hi-l^htii of a rectangle 
aivl a paridlclogrniu nr the Mim , the an..** aro 


When these pieces are made to slide over each other, a fiaral- 
lelogram DEF<! (Kig. 3*) is foimed hy the -id** edges, and it is 
obvious that the area* is unaltered In merely changing the 
position of the pieces, mint* the Imm* and height remain 
unaltered. 

Er. 1 If the length of the bus* AH is t ft , and the altitude 
11 ft. m length, find the area. 0 

Area = 4 • 6 wj ft 

Ex. 2. Find the area of a 


rectangular board of length 12| p C 

ft. and width 1 ft 0 in. * 

Area = 12*5 x ir>=lH'7«'> »j. ft * I 

Perimeter. -Tim t**rm /m- ^ 

inet*r of a fgur* is used to 

denote the sum of the lengths ^ 

of all its sides. Thus, the '•*... a - - - - - - : 

perimeter of a rectangle MK'D ^ 

(Fig. 39) is the sum of the Fin. M.- PartmeUr of a recUaglc 
lengths of its four sides, AH, 

BC, CD, and DA ; but, as the two opposite sides of a rectangle 
are equal to each other in length, the perimeter is evidently 
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twi«i tlia length of one side, together with twice the length of 
an adjacent side ; or, ^ 

perimeter ■= 2(u + h) where a and h denote the lengths of 
adjacent sides. 

I he pa print}, painting, or distem jyering of the walls of a room 
is usually estimated at the rate of ho much per square foot, or 
|H!r squaro yard. • 

Hence, the cost of the work is obtained by multiplying the 
length and breadth together to obtain the area, and finally 
multiplying by the unit of cost. The four walls of a room may 

4 r-—1-—-1-1 


b 



Hto. 40. 


!*> shown as at' AH, IK\ C/), and DK (F,g. 40), where a repre- 
sents the length of one wall and b its Breadth, or, height, and 
c *V ul f) t,u ‘ eorresjHHiding dimensions of an adjacent wall. In 
many cases the opposite walls are equal in area, and then the 
area of the four walls is *2(<r6+<•/>), or 2b(a+e). 

rhe amas of windows, doors, etc., would usually have to \fb 
flubtracted from the areA thus obtained. 

Tho cost of staining and varnishing Amu's is also often estimated 
in a similar manner by obtaining the area in square feet, or 
square yards, and multiplying the area by a unit of cost. 

hx. 1. hind tho cost of painting the two fides of a rectangular 
wooden partition, length 37 ft., height 5 ft. 3 in., at 2s. per sq. yd. 

Area of one side =37 x 5J sq. ft. 

» both sides = *t?_ gq. yfa 

= 43166 sq. yds. 

Cost = 43'166 x 2 shillings = £4. 6s. 4d. 

Kx. 2. The dimensions of a room are: length 21 ft. 9J in., width, 
15 ft. 7 In., and height 8 ft. 1$ in. Find the length of paper required 
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for the four walla, and its total coat, knowing that the w^ltb of 
the paper ia '2*24 inches, and ita ooat la. 3d. per yard. 

Area of wulls 

% “2\21 ft. 9J in. x8 ft. 1J in) 4 2(15 ft 7 in x H ft. H in.) 

-74}xKJ «.(. (t =-' 4 * u xSi B.|. yil». 

length of pa|*r=- 4{ * =*107gg }<1«. 

9 :w • 

('oat of pspci ■ U»7<iS x IJb. - fl 6 . I Ih 1 l$d. 

Rx. 3. Find the rout of (tailoring the walls and coiling of a room ; 
the dimensions are. length 30 ft , width 18 ft., ami height 12 ft., 
the coat for the walls Wing 1 h. per sq yd , and for the ceiling la. 6 d. 
per sq. yd. 

Area of the foui w.dls=-2(36 x 12) -4- 2(18 a 12) wp ft. * 

- 1296 aq. ft., or - V" 144 aq. yds. 

. . cost of walls-r 144 x la. r: £7. 4fl 
Aiea of ceiling - 7*2 sq. yds. 

cost of celling *7‘2 / 1£». £5. Ss. Od. 
total cost £ 12 . 1 ‘ 2 ». 

Rx. 4. Find the length of wall paper required to jwtper the four 
walls of a room, the width of the juiper Wing I ft. 9 in. The 
dimensions of the room are : length ‘24 ft , width 1H ft., and height 
12 ft. There are three doorways 6 ft. high and 3J ft. wide, and on 
opening 7 ft. high and 5 ft. wide, whic h are not to bo papere^. 

■ Area of walls ‘2(24 * 1*2) ‘ 2< 18 /12)--1008 sq. ft. 

Areas to be deducted (7 * 5) f 3(6 > 3§)-~98 sq. ft. 

Hence area to W papered - 1008 98 910 sq. ft. 

910 

length of paper required ~ \ t x 520 ft. 

IS 

• 

Oarpctin^.—Usually a carpet is made in one long continuous 
piece of a given width. Hence, to ascertain the length of carpet 
required to cover the floor of a room, it is necessary b) obtain 
the area of the floor, and this area divided by the width of the 
carpet will give the length of it required. 

Ex. 1. If a carpet is i yard wide, find the length required to 
cover the floor of a room, length ‘24 ft , width 18 ft A find also the 
oost at 5a. per yard. 
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l^t ^BCD (Fig. 41) represent a plan of the room, A B being 24 ft, 
and BC 18 ft. 

As 18 ft. =0 yds., and G~$ = 8, if DA bo divided into 8 equal 
[>art« at A’, t\ G t If, K, l t M, each of the portions indicated^will 
In' if yard, and the length of carpet required will l>e 
8 x24=192 ft., or 64 yards. 



Fm 41. 


The preuous result may Ik? obtained in a simpler manner. 

The area of the carpet must be equal to the area of the floor. 

, , . . , area of floor 

•. Length of curpet required = - 

6 1 1 width of carpet 

Thus, in the above example, 

** area of floor=24 x 18 sq. ft. 

— £ H =48 sq. yds. 

length of carpet required = 48-f 64 yds. 

Cost of carpet -64 \ 5s. — £16. 

Kr. *2. The length of a room is .86 ft., and its width 22 ft. A 
border 2 ft. wide is to be stained all round tije room, and the central 
l>art covered with a carpet | yard wide. If the staining coat fid. 
per square foot, and the carpet os. per yard, find the total coat. 

Let A BCD (Fig. 42) represent a plan of the floor, and the shaded 
portion, the area, to In*, stained. This area will be obtained by sub¬ 
tracting the area of the inner rectangle from the area of the outer 
roc-tangle. The sides of the inner rectangle are each 4 ft. less than 
those of the outer. 

area to be stained =* 36 x 22 32 x 18 = 792 576 -216 sq. ft, 
cost of staining = 210x1) = 108s. =£6. 8a. 
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length of carpet required- * 85$ yds. • 

of cttrjkot K5$ x 5 b. - £21. On. Sd. 
total cost £21. tk Hill £'). 8s. £20. Ns. 8d. , 



Fio 41 , 

Linings.- The cost of lining the inside of a tank or cistern 
with lead or zinc is generally estimated at so much j**r square 
foot. When sheet lead is used for this and <>thei purposes it 
is usually referral to hv’its weight Thus, “5 lbn. had” refers , 
to sheet lead, and means that a squaie foot of jt weighs. 11 ) llw. 
Hence, when the number of square feet in the ana which has 
to be covered is known, the weight of lead icqtmed can readily 
be obtained by multiplication. * 

Ex. 1. The length of 
a rectangular box with¬ 
out a lid is 8 ft., width 
3 ft., and depth 4 ft 
If the surface is to be 
covered with 0 lbs. lead, 
find the weight of lead 
required. 

Area of the end A BCD 
(Fig. 43) 

=4x 3=12sq. ft; 
area of both ends 
=24 sq. ft. 

Area of the side A FED = S x 4 ; 
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.*. area of the two sides = 8 x 4 x 2 -64 sq. ft. 
Area of hose -8 x 3=24 sq. ft. 

Hence total area to he covered = 24 + 64 + 24=* 112 sq. ft 
weight of lead required= 112 x 6 = 672 lbs. 


EXERCISES; XXXII. 

1. (i) Calculate the length of the side of a square field which is 
an acre in area, (ii) What fraction of an acre is a field 56 yards 
long by 40 yards wido T 

2. Find the number of yards in a side of a square field, the area 
of which is 11 ac. 30 |>er. 

3. A field of 20 ac. is four times as long as it is broad ; find tin- 
length and breadth m yards. 

4. The length of ajroom is 31 i ft., and the area 46 sq. yds.*, 
what is the breadth ? 

6, The length and width of a rectangular enclosure are .386 and 
300 ft. respectively ; find the length of a diagonal. 

6. Tho foot, of a laddor is at a 
distance of 36 ft. from a vertical wall, 
the top is 48 ft. from the ground; find 
the length of the ladder. 

7. Tho height of a lean-to roof is. 

3 ft. 6 in., and tho span 12 ft. (Fig. 44); 
how many square, feet of felt will lie 
required to cover 20 ft. length of the 
roof? 

8. The side of a square is 24 ft. 6 in.; 
what ft its area ? 

9. Each sido of an equilateral triangle is 10 ft.; find the length 
of the perpendicular from the base to the vertex. 

10, What length of matting, $ yd. wide, will be required to 
cover a room 39 ft. 6 in. long by 25 ft. 6 in. wido ? Wnat is the 
cost of the same at 4s. 6d. a yard T 

n A quantity of matting, 37 ft. 9 in. hug, and 7 ft. 6 in. wide, 
will just oover a room ; what is the width of matting,'75$ ft. long, 
which will oover the same room ? 

ia a plot of ground required for building a warehouse is a square 
of 90 ft. 9 in. side ; find its coat at £1. 12s. per square yard. 

18. What would be the cost of painting the four walls of a room 
whose length is 24 ft. 3 in., breadth 15 ft. 8 in., and height 
11 ft. 6 in., at 2s. per square foot! 

14. What will be the expense of paving an area which measures 
35 ft. 10 in. by 18 ft. 6 in., at 6s. 3d. per square yard! 
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15, Calculate the cost of the paper for the walla of a r<x>m, 20 ft. 
long, 17 ft. broad, and 12 ft. high, allowing 42 *q. ft. for floor* anil 
windows, the pri$e of the paper living 2a. 8d. per piece of 12 yds. 
long and 21 in broad. 

What length of matting, J yd. wide, will cover the*floor of 
a Hospital 31 ft. G in. long by 18 ft. 11 in wide? What i« the coat 
of the matting at 2s. 3d. a yard ? 

17. A rectangular field, 4(1) yds. long and 396 yds broad, is let 
for £54 a year ; find the rent of an acre of the saim* field. 

18. How many square feet of class are required to glare 5 
windows, each containing 14 panes of glass, and each jiane measuring 
18 in. by 6 in.? 

19. How many 3-inch squares can lie cut out of a 12 inch square? 

20. A gardener has a piece of matting, 73 yds 1 1 ft. 8 in. long 
and 3 ft, 9 in. Mule, to co\er a wall 94 ft. long and 10 ft. high ; how 
many square feet of wall lemam uncovered? 

21. What is the cost of car]M'ting a Vootii, 25 ft. 9 in. long by 
22 ft. 6 in. wide, at 5a. 4d. per square yard * 

22. Find tlie cost of pa|>ct!ng a worn, IS ft 1 in. long by 14 ft. 

8 in. and 12 ft. 6 in. high, with a paper 30 in. wide, and costing 
4Jd per yard. 

23. A rectangular field is 00 ft. long by 40 ft. wide; it is 
surrounded by a mad of uniform width, the whole area of which is 
equal to the area of the field : find the width of the road. 

24. Find the rent, at £2. 5a. an acre, of a 1 octangular j>ark £ mile 
long and 1 mile wide. 

25. A rectangular garden contains 1200 *q. yds. ; if the length 
is to the breadth as 4 to 3, what will the fencing cost at 3». Gd. 

per yard? 

26. The two sides of a rectangular field am found to*be 0878 
miles and *0056 miles, respectively ; find the area. 

27. SThe length of a field of 2 acres is "J poles; find its width. 

28. Find how long it will take to walk round a square field • 
containing 7 ac. 2601 sq yds., at 3 miles an hour. 

29. Find the cost of lining a rectangular cistern with “7-lb. 
lead,” at 3d. j*r pound; the inside dimensions are, length 3 ft. 2 in., 
width 2 ft. 8 in., and Hepth 2 ft 6 in. 

30. A rectangular room is 30 ft. long and 22 ft. wide; the height 
from the top of the skirting to the cornu* is 11 ft. How many 
yards of paper 21 in. wide will be required to cover the walls, 
assuming that the foor, windows, and other openings, just com¬ 
pensate the waste ip^lved in matching the pattern ? 

3L A carpet jjvering the central portion of a room coat 
£3. 6a 8d. The &xm\ was 16 ft. long by 12 ft. wide, and between 
edge of carpet and the walls a distance all round of 2 ft; what was 
the coat of the carpet per square yard ? 
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32. Find the cost of carpeting a room, 34 ft. 6 in. long by 
18 ft. 4 4» wide, at 3s. 9d. a square yard. 

33. The coat of carpeting a room, 26 ft. 8 in. I#ng, with carpet at 
4s. fid. a squaro yaid is £9. 10s.; find the width of the room. 

34. V he diagonal of a square is 3362 ft.; find the length of a^ude 
of the square. 

35. Hie aiea of a rectangular fiejd contains 462 sq. yds., its 
length is 25 yds. 2 ft.; find it a width 

36. Find the cost of putting a fence, at 3s. fid. per yard, round 
a si[unie field, whose area is tyo acres. 

37. A caiden, 77 ft. 4 in. long by f>0 ft. 4 in. wide, is surrounded 
by a wall 14 in. thick ; within the wall, round the four sides, there 
is a bed fi ft. wide, then a jwithwny 5 ft. wide, and grass in the 
middle: find the areas of the wall, the lied, the pathway, and the 
grans. 

38. If the cost of putting a fence round a square enclosure is 
£36. 13s. 4d.,*find the side of the square, and price per yard of the 
fence, when the area is 10 acres. 

39. A square field has an area of 2 acres; what will it cost to 
enclose at 5s. 6d. per lineal yard of its boundary, and to cut a path 
diagonally across it at Is. fijd. the lineal yard? 

40. Tho dimensions of a room arc, length 21 ft., width 16 ft., and 
height 11 ft. There is a doorway 7 ft. high and 3 ft. wide, and 
two windows 7 ft. by 4 ft Find cost of papering the room with 
paper, 2 ft. wide, at 3d. per )ard. 

41. A rectangular field contains 2$ acres. If tho length to tho 

hicadth h 11:8, find the peiiniotoi. [U.K.I.] 

42. A rectangular loom is a yds. long, 5 ft. wide and r ft. high. 

Find (a) tho area of the walls, (b) cost m shillings of distempering 
the ruling at 3d. per sq. vd. (<*) Find tho numerical values when 
a -5, b 13. c -12. ' fN.U.T ] 

43. A i octangular field is 130 yds. long and 100 yds. brojuj. Two 

paths, each 10 ft. wide, are made across it m> ns to divide the field 
into four equal rectangular plots. How much would be lealized by 
selling the plots at tV>7. 15s. per acre * [L.C.U.] 

44. Find the length of the side of a square plot of grass if, when 

an extra strip of turf one yard in width is put completely around it, 
tho area is increased by 40 sq. yds, (L.C.U.] 


Summary. 

Area of a Rectangle = base x altitude-length x breadth. 

Area of Parallelogram = base x altitude. 

Perimeter.—The perimeter of a figure denotes the sum of tho 
lengths of all its sides. 



CHAPTER XIV. 

MENSURATION OK TRIANOLK, RHOMBUS, TRAPEZIUM, 
AND QUADRILATERAL 

Area of a Triangle. In hg '•'« tin- i<*< tangle ABCDbmA the 
parallelogram A DEE «»n the Maim* Iuom* AD and of the name 
altitude, arc equal in area. 



When A in joined to C and E it ih easily seen tlmt the triangle 
A CD is half the rectangle A BCD, and the triangle A ED is half 
the parallelogram A DEE. 

Hence, the two triangle* are equal in area, and the area in 
each case is equal to half the prrxiuct of the bate and the altitude. 
;. area of a triangle ~ \ {bate X altitude )» ^ab. 

This result is shown^ graphically (Fig. 46). The rectangle 
A DHL on the same, or an equal base, and half the height has 
the same area as the triangle ADC. 
w.m. l * 
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Ex l .In n right-angled triangle the three sides arc 3, 4, and 5 ft. 
respectively, find the area. 

If the base lx* 4 thon the height is 3. 

* Area ----- .1 x 4 x 3 - 6 nq. ft. ^ 

Ex. ‘2. If the base of a triangle Ik* 10^ 1 yds., and the height 4 \ yds., 
what is the area v ' 

Area ’ (10^ x 4 \) -- \ ( ^ X - a s *) - ‘22 575 sq. yds. 

If a riglit-angleif triangle m also isosceles^ ho that AB--BC 
(Fig. -10) then denoting AB and BC each by unity, 

.1C -v'lHl* s'2. 

If the equal sides are of unit length, the area is 
- * 1 - l unit of area 



F’io —Ares of an Isosceles 
triangle 



In an equilateral triangle the three sides are all of equal 
length, and each angle is 60*. 

If, as in Fig. 47, a line CD lx> drawn perpendicular to the 
base, and meeting the base AB at /), thcn*the base is bisected 
at the point D so th,,t AD — DB. 

If each of the equal sides l>e two units in length, 
then AD** 1, 

and CD = 

So that in a right-angled triangle, in yhich one angle is 60-*, 
the three sides of the triangle are proportional to 2, 1, and v^3. 

Also, aroa of triangle ABC** l x 2x^3—^3 square units. 
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isr 

Ex. 3. Find the area of an equilateral triangle, eochlmlc 10 ft. 
in length. • 

The urea \(A H \ Cl>), (Fig 47) # 

• ']> fi* SMI 

Aieii !,I0 H 00) tZI 3 »4| ft. 

When the three hhU*i >>f .i inangh* ;ue gneii * 

If <i, b , he the thiee side- anti < * ^ * ; when x half the 

aiiin *»f the Hide*, then the an.i of tin* tii.mgle h gi\en by the 
f'l niula 

area=:^s(B—a)(B—b)(s—c) t 

or. find half tie sum of tin- length of the hides, Hubtiaet from 
this half sum tin* length of e.o li side Mp.u.iteh ; multiply the 
thus* rem.umh'is end the lulf shim iogethei , the squall* toot 
of tile plodu* t Is the a|e,| of the tliangle l"<pilled 

Ex. 4. We may use this nth to hud the ami of a right angled 
triangle, ndc» 3, 4, .iiid 3 mots resja etn«|y 'I he tti*-a ha« been 
already determined hy .mot hi r in« tIn«t in l!\ 1 
Hero - ’ (3 * 4 4 .‘it (5 

Subtract from this the W ngth of h Hide h« paiutely, i.r. 

6 3 3, « 4 2 , o l 
Area of triangle s U - 3 - 2 - I >'30 - 0 sq unit*. 

Ex. 5. Find the urea of a triangle, the lengths of the tliree sided 
being 3 27, 4 315, and 3 43 feet i< -qieetnely 

«- !(3-27 • 4 % • 3 43) 6 31 
• Area -s'ii 34f(i-.V4 - 3 27)th 34 4 30)11} 51 friti) 

~V6'54 • 3 27 ■ 1 W - Si09 

“ 7’189 sq. ft 

Ex. 6. The sides of a triangular field are 5<J0, 600, and 700 links 
respectively. Find its area. 

J (300 4 (500,700) - 900, 
area = ■- 400 / .* 200 = 140969 sq. links 

- 1 ac. 1 t. 33 13 poles. 

* This useful result must at this stage be taken for granted. Ita 
proof will come later. 
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EXERCISES. XXXIII. j 

1. The base Ilf a triangle is 49 ft. anil the height 25-25 ft find 

Its areu. • ° ’ 

2. Find the area in acres of u triangle whose sides are 25, 20 and 
In chains respectnely, 

3. hind the area of the triangle whose sides are 13 ft 14 ft 

ami 15 ft. ’ 

4. * uid the area of the triaigle whose sides are 21, 20. and ’29 
inches respectively. 

5. The sides of a triangular held are 350, 440, and 750 yds. The 
field IS let for 131. Ids. [sir year ; what is the rent per acre ' 

ft On a base of 10 yards a right angled triangle is formed with 
one side > yards longer than the other. Find its area 

7. The sides of a triangle m yards are 101 -.5, S0'5, and 59'4 
respectively, find the area. 

8. Kind tho area of a triangle, base 025 links, height 1040 links. 

9. 'hind the area in si|imre yards of a right-angled triangle, the . 

two perpendicular sides being SO and 30 ft. respectively. ' 

, J?- Fn ,"* t 1 , 1 " , ar ™ of 11 triangular Hold, the sides of which are 2569, 
4900, and 5025 links respectively. 

,T t,e “‘‘les < lf "i equilateral triangle are each 17 chains 4 links 
r mu the area. 

A triangular field, the three sides of which are 350, 440, and 
7,m respectively, is sold for 1*52. 10s., find the selling price 
per acre. 6 r 

13. At £5 per acre find the cost of a triangular field, the three 
sides being 130, 140, and 150 yards. 



8paU AB (Fi «’ 48) of a roof is 40 ft « tl >e rise 15 ft.; find 
the total area covered by slating if the length of the roof is 60 ft. 

. u* I h ° ? ide * of a triMRular field are 300, 400, and 500 yds. If a 
belt, 50 yds. wide, is cut off the field, what are the sides of the 
interior triangle, and what is the area of *he belt * 
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16. Find tfie area of a triangle, the side* being 1ft, 30. and 39 ft. 

respectively. * 

17. The threeftudcs of a triangle are 1ft, 10, and 17 ft. reapectively, 
find it* area. 

.18. Find the area of u tnangular piece of land, in which The three 
side# are 600, 7M. and HI*) \ds respective!). 

19. F ind the area of an # e.|Uilateial triangle, eai h aide 10 ft. in 
length. 

20. T he m le* >>f !i tnangular field aie respectively 10 chain*, 

8 chums, and 1- chain*. '1 he <hau^bcing 2 1 \ hi da, find the acreage 
of the field, ami the jHTjH-ndn nlar distance of the longest side from 
the opposite coi in r. 

21. T he area of a triangular held is 6 a ‘Jr S p , and the perpen¬ 
dicular fiom one angle on the haw* is ft*24 link*. Find the length of 
the base 

22. 1 he g.ihic end <>f u house nnn&mes 

9 ft. 7 in m heigiit from the ha.se t.> the 
ridge. If the length <d the Imse ,t/f 
(Fig. 49) lie 20 ft lo 1 in , find the area 

23. The area of an t unilateral triangle 
is t!2ft*25 s<|. ft , find the length of a 
Side. 

24. T he area .if a timngular field 16 lie 3 l. K p , the bate 
14 chain*. Find the length of the perpendn nlar from the opposite 
angle to the Iwue. 

25. The side* of a triangle are 621, 7MJ, and 468 links respectively. 
Find it* area in acre* 

Area of a Rhombus. 1st AW'D (Fig. fto) l* a given 
rhombus. By joining .1 to C. the 
figure ia divided into two tnangles 
A ('ll and A Cl). Also the tiro diagonals 
of a rhombus bisect eaeh other at right 
angles. Moreover, the line ID is the 
altitude of the triangle A<'ll and ID 
in the altitude of the triangle .1 ( 1) 

Therefore area of rhombus 

-area of tnangle* .1*7) and A CD 
- UACx IH) + h(ACx ID) 

-j( ACxRI )), ‘ 

hence the, amt of a rhombus is half the product of the, (>ro diagonal*. 

When a diagonal AC and one side AD of a rhombus are 
given, then, since all the sides of a ihotubns are equal in length, 
the area is obtained a* follows . 



Km *K) - Area of u rhombtu. 
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In the triangle AI>C the three sides AD, DC ,land C.l are 
known. From this as on p. 131, the area of the triangle ADC 
can lie obtained. The. area <>f the rhombus is* obviously twice 
the are;* of ADC. 

Kr I. Kind the urea of a ihotiihiis, the diagonals being 30 and 
12 feet ich|rm tnely. 

Area-- \(30\ 12) 1HU square feet 

Ex. 2. If in a thornbus the length of one side A D is tia und that 
of one diagonal is 101 units, tinfl the area 

Hero \ (do | do I 104) 117. 

.. Area of triangle s/l 17 - 13f»2 x f>2 
202S units of area 

lienee area of thotnhus 2023 x 2 -4050 units of aica 

Area of a Trapezium. The «nea may be obtained by divid- 
ing the liguie into two triangles .It’/) and ACR (Fig ol). 



If AE l>e drawn perpendicular to f><\ and meeting DC in E\ 
then AE is the altitude of both the triangles d/if and ACI). 
area of triangle .1 HC = h(/JCv .1 E), 
area of triangle A CD- A(d D,\ A E). 

Area of four-sided figure AIM'D equals area of the two 
triangles into which the figure is divided by the line .1C 
area of A/iCD~h(IiCx AE) + \(ADx AE 
- i.lA’(/iC-f..l/>). 

This important result for the am# of a trafxzium may l»e 
stated as follows: Multiply Me sum of the pintlM side* by half 
tlw jxrrjtaidicular distance beticeen than. 
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Ex. 1. Fijd the area of a trapezium, the lengths of the two 
parallel tide* being 650 and 925 ft. respectively, and the perpen¬ 
dicular distance between them 420 ft. 

A rea ~ 1 (650 * 925)420 
330750 «). ft. 

Ex. 2. Find the perpendicular distance k'tween the two parallel 
sides of a trapezium, the lengths Wing 74 and H4 S ft respectively, 
and the area 762 21 sq. ft 

Here M74 • H479 4, 

perpendicular disWint 1 * -9 6 ft 

Area of any Quadrilateral. Any four sided figure, such as 
ABCI)(V ig 62) is called a quadrilateral Rv joining D to 11 tho 
figure is divided into two triangle- .f Hit and DID 1 . The area of 
the quadnl.itet.il m the sum <>f the ateasof the two triangles. 
l*i aw ,1 A’ and Lb' perfa'iidkuRr to Dll. 


A 



c 

Fin U1 - Area »( a q»inlriUlcr»l 


Then area of triangle A Dll - \(I>B x EA ) 

Also area <>f triangle In 'll \{DB x <'F) 

;. area of quadfilatend - A DB(EA + ('!*), 
or, half th( product of one of the diagonals and the sum of the two 
perpendiculars let fall on that diagonal from the two opposite 
angles gives the area of the quadrilateral. 

Ex. I. The lengths of the shies of a quadrilateral figure are 
AB 107J R-, hlC 127J rl) Ml {t - l)A G2$ ft . and the length 
of the diagonal Bl> is 1324 ft. Find the area of the quadrilateral. 
As the three .sides of the triangle* A HD and BCD are given, we 
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can And the area of each triangle separately and adi the results to 
obtain tile total area of the quadrilateral as follows : 

Half the sum of the sides of the triangle DBC it 
4(12754 150+I32'5)=205, 

subtracting from this 127'5, 150, and 132 5, Respectively, we obtfcln 
77'3, 55, and 72'3. 

Area of trianglo DB('= V205 x 77 *5 x 55 x 72‘5 
-79(50 sq. ft. 

In a similar manner the area of the triangle DBA is 
Viol 25 v 1 H “5 x KS-75 x 43 : 75 
-3318 sq. ft. 

Area of quadrilateral DA BC - 79(50 i 3318 
— 11278 sq. ft. 

Ex. 2. Let /M«48 ft, .4/1^20 ft., and BD = 52 ft., also let 
CF =40 ft. Then 4 (48 t 52 - 20) - (50. 

Aroa of triangle DA B VfiO x 12 x 8 x 40 

\ 230400 - 480 sq. ft. 

Area of triangle DOB - 4(52 x 40) ■- 1040 sq. ft. 

.-. Area of quadrilateral = 480 + 1040 
1520 sq. ft. 


EXERCISES. XXXIV. 

1. The parallel sides of a trapezium are 234 ft. and 104 ft. respec¬ 
tively, the perpendicular distance between them ib 92 ft.: find the 
area of the trapezium. 

2 The plan of a district, is found to bo a trapezium having its 
parallel boundaries 276 and 216 miles respectively, and its breadth 
72-5 mifea : find the area of the district. 

3. A field in the form of a trapezium has its parallel sides 
10 chains 30 links and 7 chains 70 links ; the distance between them 
is 7 chains 50 links : find tho area of the field. 

4. A BCD is a quadrilateral field in which the angles C and D 
are right angles, and the anglo A is half a right angle. Find the 
area of the field, given that BC~ 91 yds., and-4/)=151 yds. 

& In a trapezium the parallel sides are 750 and 1225 links, and 
the perpendicular distance between them 770 links : find its area. 

6. In a quadrilateral one diagonal is 84 ft, and the two per¬ 
pendiculars on it from the other two angles are 10 ft. and 18 ft. 
respectively: find its area. 

7. A BCD is a four-sided field such that the lines joining opposite 
’corners A, C, B and D meet at right angles at F‘, the lengths FA , 

FB, FC and FD measuriag 83, 97, 125 aud 238 yards respectively : 
find the area of the field. 
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8, A quadri4teral has two of its aides parallel; these sides are 
10 and 12 ft. respectively ; the perpendicular distance between them 
is 4 ft.: find the arta of the figure. 

9, The sides of a quadrilateral taken in order are 27, -IP, 30, 
25 ft ; the angle between the first two is WO": find its area. 

10. The parallel sides of a trapezium are respectively 27 5 and 
38'5 ft.: the perpendicular distance la-tween them m 12'385 ft.: 
find its area. 

11. Two sides of a field, which are jmralh-l, are 7 i ha ins 33 links 
and 18 chains IW links lespcituel\ in length, and the peipetidieular 
distance between them is 27 chains 8 links . find the area of the field 
in acres. 

12. An earthwork in the form of a trapezium has a breadth of 
12 ft. at the top and 38 ft at the bottom, its height being 12 ft.: 
find the number of cubic feet in a n>d of its 1« ngth 

13. The two parallel sides of a field me f>50 and W25 links respec¬ 
tively, and the perpend u ular distam e la-tween them is 420 links: 
fird the ana of the !n Id. 

14. The two parallel sides ot a field me 7<#> links and 300 links 
respectively; if the |>erpi ndicular distance between them be 620 
links, find the area of the field. 

15. The distance Iwtween the two parallel tides of a trapezium is 
1W yd*., and one pit allel sub* is 4 yds. longer than the other: find the 
length of each side when the .«ea is 473 *q }ds. 

16. A BCI)E is a five sided field. The side A li is 533 links, the 
diagonal HI) is 875 links, and diagonal A /) is 8^8 links. The per- 

K ndicular from C on to III) is 300 links, and the perpendicular 
>m E on to A l) is 7t)u links. Find the area of the field m acres. 

Summary. 

Ana of a Triangle-} Imuh- / altitude Or. from half the sum of 
the three sides subtrac t each side separately, multiply the half 
sum and three remainders together; the square root of the product 
gives the area of the triangle. 

Ana o{ a Rhombus half llu pmluct of thf tiro duvjounl*. 

Ana of a Trapezium - ultiply half (hr mm of (hr jtarallrl eidrn hy 
the ptrptndicular ditlance hflurrn thtm. 

Area of a Quadrilateral. -Join any two opposite corners by a 
diagonal line; ou this diagonal let fall perpendiculars from the 
remaining two opposite angles and obtain the lengths of these 
perpendiculars Then the area of the quadrilateral is half the 
product of the diagonal and the. nun of (he two jwpendiculart. 



CHAPTER XV. 


MENSURATION OF HEXAGON AND OF ANY POLYGON. 

Area of a Regular Hexagon. - In the ease of a regular six- 
sided figure, that is, a hexagon, as in AHCDEF (Fig. 53), the 
area can he obtained by dividing the figure into as many tn- 
anglos as there are sides to the figure All these, triangles are 
equal in area, and the area of the hexagon is 6 times that of the 
triangle OA B. 



Fio. 53.—Area of a hexagon, 

l/it (i denote the length of the side A B. With any centre 0 
and radius OA— a, describe a circle. Tlie length OA, it will be 
found, may be marked otf exactly 0 tunes along the circumfer¬ 
ence, so obtaining points d, B, C, D, E, F. Join A to B, etc., as 
in Fig. 53 ; then ABCDEF is a regular hexagon. 
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Join the cenw*e 0 to A and II. Then OAB im an equilateral 
triangle. # 

If OP be a hue perjiendii nl.u to All, and jxuwing through 0\ 

ap vn 


>1 //.'*•. 'l . 

Amo (ft ^ u* j ;j_ 

Heme, area of tnangh* O.I/> A/'t Op 
</* , 

aie«i <»f hexagon Ox ^ \ 3 



:t . . 
„<r\ 3. 


The value of h known to b«- 1 732 (j< Hi), 

air,, of hexagon g fijiS y u‘ : , 

or, to find the arm <>f a /»*/«/#/<<a, *y narr t!<> «•/«/** ,nu/ mu/tiphf by 
2 f»{H 

Using this ink* when the area w given, tin length of sale < m 
be obtained. 


Ex 1. The length of each side of a r« gnlai lit xagon im 4 feet, hud 
its .irea. 

Area 2 .V.IS 4 1 2 7e 10 
11 '.'(OK Ht| ft 

Ex. 2. The area of a reguini hexagon m I03'.l 2 t«j in., what ib 
the L-ngth of the side* 

We tin. e KC9 2 -r . 2 f>9S, 

where a denote# the side of the In xagon. 

- 

»i 20 

Ixngth of hide - 20 in. 


EXERCISES XXXV. 

1. The area of a tegular luxagon ih 7 h*j. ft 31 228 wq. in., find 
the length of a Hide 

2. The side of a regular hexagon in 10*74 \ardn. find its area 

3. Find the side of a regular hexagon, equal in area to an equi- 
lateral triangle, whose side is 150 ft 

4. The length of each side of a hexagon is 12 ft., find its area. 

5. Find the arts* of a hexagon w hose side is 20 ft 

6. The area of a hexagon U 2*6*437 wj. ft., find the length of a 
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7. «The area of a hexagon is 10*39 sq. chains, find the length of 
one of its sides. 

8. The area of a hexagon is 3367*699 sq. yds., find the length of 
its s*dt*. 

Area of any Polygon. —The area of any irregular polygon may 
Ik* found In dividing the figure into a number of triangles, then 
by finding the area of each triangle, and finally adding together 
all the areas ho obtained, the result is the area of the figure. 

Graphically. The area of an irregular figure may be obtained 
graphically as follows 

lA*t J HCDE (Fig. f)4) be an irregular five-sided figure. 


C 



Join*C*o d,and from 11 diaw a line HA*parallel to CA, meet¬ 
ing EA pro<luced at F. Join (' t»» b\ 

Tlie triangles CF. 1 and ('BA are on the same base CA, and 
havo the same altitude. Hence the triangle CFA is equal in 
area to the triangle CBA. 

In a similar manner, join C to E, anti from |x>int D draw !>(• 
parallel to CE, meeting AE produced at 0. Join C’to 0. 

Hie triangles COE and CDE are equal in area. 

Thus the triangle ECO is equal in area to the given five-sideci 
tigui*e. As the length of the base EO, and also the altitude ol 
the triangle can be obtained, the area of the triangle, and there 
fore the area of the given five-sided figure can In? ascertained. 

Or, the triangle FOG may be converted into an oquivaleul 
rectangle, as on p. 130. 
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MISCELLANEOUS EXERCISES XXXVI. 

1, If the base of a rectangle in 1 mile in length, and the diagonal 
1| miles, tint! the area 

2, Find the cost of putting a fence, at Is tid |H.»r yard, round 
a square field whose area th -1 nciea. 

3, Find the difference in the coat of pujiering the walla of a room 
19 ft. 4 in. long, 1-ft *2 in wide, and 3*»ft. (Sin high, with paper 
•21 in. wide and costing 7d a yard, oj with paper IS in. wide costing 
6Jd. a yard, allowing 13 square yards for windows, etc. 

1 The width of a lawn tennis ground is two thirds of its length. 
The cost of levelling it at 8d. per wjuaie yard is £113 4s.; find the 
cost of enclosing it with an iron railing at Os. S«1 per yard. 

5. Find the aiea of a path 3 ft wide round o house 37 ft. long 
ami 37 ft. wide 

6. A roof which iM-astiies 1H feet al mg tin ridge, and 1C ft. H in. 
from ridge to eaves, is to b<- toveied with slates 16 hi long and 8 in. 
wide, each slate overlaps the one la-low by *2 in ; find the nund>erof 
siates required, and the cost at ‘2s. per dozen 

7. The diagonal of a rectangular fn-ld is ♦«> it« h-ngth ns 13 to 1‘2, 
and its area is 1 ac 20 sq yds . what is its Im.ullh' 

8. The perimeter of a nut angular In Id is to its length as 34 to 
13, and the length exceeds the breadth by 70 yds.; what is its 
area? 

9. A rectangular tank 3 ft in width by 4 ft in length receives 
all the rain that fall!* on a roof, length 30 ft . width ‘20 ft. On a 
certain day it was estimated that a pint of water fell on each sou are 
foot of roof; how far will the water rise hi the tank ? 

' 10. Find the area of a rectangle, length ft., width 3$'ft. 

11. Find the length of carpet f yard wide necessary to cover the 
floor of a rectangular room ‘2*2$ ft. long, ‘21$ ft. wide. 

12. Find numtar of rolls of paper required to paper the walls of a 
room 18 ft. long, 1‘2 ft. wide, ami 10$ ft high ; each roll is 21 in. 
wide, and 12 yds. long 

. 13. The area of a rectangular plot is 101 sq. yds. 0 sq. ft. 8nq. in.: 
ita length is 30 ft. 9 in.; find its breadth. 

K The length and width of a rectangular tile arc 12 in. and 9 in. 
respectively ; find the number required to’pave a passage 90 ft. long 
by 9 It. wide. 

15. How many cwt. of lead will be required to cover a roof 48 ft. 
long and 32 ft, wide with “ 5 lb. lead " ? 

18. Find the cost of the paper for a room 17 ft. 7 in. long by 
1 i ft. 5 in. wide, and 10 ft. high, using paper 2 ft. 8 in. wide at 8a. 
per yard. 
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17. Vhe sum of £9 0». 10il. is allowed for tin* paper for a room 
27 ft. long, 1955 ft. wide, and 12 4 ft. high;<huw much per yard 
must he given for a paj>er 2 7 ft. wide v 

18M ’ho length of a hall is three tunes the hroadth : the cost of 
whitewashing the ceiling at fi^l per sq. yd. is £4 12s. 7'ld., and the 
cost of papering the four walls at Is. 9d. per. sq. yd. is £35; find the 
height of the hall. 

19. A rectangular field, four times as long as it is broad, contains 
2$ acies ; find its length am| hieadth. 

20. Kind the cost of painting the fom sides and the bottom of a 
tank 3\ yds. long, 3$ ft. wide, and (> ft. deep , at 4d. per square foot 

21. A room is IS ft long, 12 ft. wide, and 11 ft. high; what length 
of paper a yard wide would be requited to line its four walls and its 
celling? 

22. There is a square enclosure of 10 acres ; a man walks at the 
rate of 3 miles an hour along one side, along a diagonal, along another 
side, and so returns along the other diagonal to the starting |»oint • 
how many minutes does it take him to walk the distance? 

23. The length of a floor is 28 ft. and width 1!) ft.; find the cost of 
caiqreting it with eat pet J yatd wide, and costing 5s. 9d. a yard. 

24. The length of a field is J mile, the width 242 yards; find its 
area. 

25. The length of a rectangle is 81 ft., its width ft.; find the 
side of a square, the area of which is equal to that of the rectangle. 

26. Kind the cost, of fencing a square tield of 10 acres at 9d. per 
yard. 

27. The length of a courtyard is 20 yds. 2 ft 6 in., and width 
12yds. 2 ft. 3 in.; find the nmnhei ot stones required to pave it, 
each rftyne being 2 ft. in length and 1 ft 5 m. wide. 

28. Kind the area of a triangular field, the three sides being 848, 
900, and 988 links respcct»\ ely. 

29. The two parallel sides of a trapezium are 750 and 1225 links 
respectively, the perpendicular distance between them 1540 links; 
find its area. 

30. A lawn-tennis ground is half as lon£ again as it is wide: the 
cost of levelling it at 9d. per square yard is £176. 8s.; find the cost 
of enclosing it wiih an iron railing at 7s. 6d. per yard. 

Summary. 

Area of a Regular Hexagon.— The area is the product of 2 598 and 
the square of one of the sides. 

Area of any Polygon.—The figure may be divided into a number of 
triangles ; the area of the polygon is then the sum of the areas of all 
the triangles. 
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Section I. Vulgar Fractions. 

1. Kvpl.un mIu ' itt 4 ‘ I- upsiil to 

2. Rwluw tin- following fia< tinii to Its simplest form • 

<9*. Ol . Hj 

“*• I -■ 1 l‘<’ 

3. Of a luiddei ’<* MiK k <»i t milt* i \. i>* il> *• 1 1 **\ <*r1 b\ tin* ami ^ 
damaged. What fi.u lion of In- sto< k i< mam- uninjim <1 v 

4. A ‘if a pole is under water and ' i- in th<- mud .it the Isittom. 
What fraction of the jsih is also, tin- suita»e of tin- M.iti-i v 

5. An ajipn-nli's sjniids *tl»s of In- turn' iii tli«* shop ami .^th* 
in tin* drawing ofhce. What friction r<pn rants tin- i« nmiixfrr of 
Iiih turn* ? 

6. Kind the value of 4 * of the sun of t’ltjHi 1 Oh. *ld and 

£19. (is. lid. 

7. Expreas the ratio of 17 hours b r > iimmhs 28 neond* to 124 

hours 18 minutes Id seconds as n udgar fr.ution in its lowest tcjma. 

8. The cost of hdtour in prodmmg a <eitam atlicle#WHK 
£18. 19*. lid. It was made h\ tn«- person*, who sexually *i>ent 
two, three, four and a h ilf. six and * ight da\a iijm» n it. flow 
should the monej Is- diudisl among them v 

9. What part of a log remain* after , * and \ of it ha\e lieen 
cut off! 

10. A farm consists of JlMl acres. -|" 5 of it ip pasture and the rent 
is arable. How many acre* are arable v 

11 . Coala at 32*. per ton are mixed with coke at 24* a ton in tin; 
proportion of 5 ton* of eoal to 3 tons of oike; find the money 
saved by using 11 ton* of the mixture instead of 12 Iona of coal. 

12. The pressure of the atmosphere ih 14 7 lbs. per ivp in.; w hat 
i» the pressure in lb* per «<piarc fait and m kilograms j»er sip 
metre * 

13. <i) Subtract ^ J f >f \ from i*j of 5y. 

(ii) Divide by j of ,V 
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14. * man buys 1*20 article for 5s. Od. ; lu* Hells one-third of 
them at a family each, one-fifth of them at Urn for ljd. and ths 
rest at .Jd. each. Find how much profit he makes^ 

15. " IMvido €793 10s. amongst A, B, C and /), so that A may 
have two-thirds as muoh as B, whilst 'B has threo-fourths as niudi 
as C, and C haft five-sixths as much as I). 

16. If \ *j ths of .4’s capital is jjrds of B'h capital, and if the 
capitals of B and Cure taken together, they amount to 

capital, find wfiat part- of* B'h capital emials (?h capital. Find 
three whole mimliers which aie proportional to the three capitals. 

17. Find which is gieater, ; 1 |j or | j 

18. The rates amount to €11. 3s. 11 *d. for a house whose rateable 
value is €92. I0.s.; find what they will amount t<», on the same scale, 
for a house whose rateable value is ,€10."). 

19. One kind of gunpowder is made of 13 parts nitre, 2 pnits 
sulphur and 3 putts charcoal ; anothei kind is made of 77 i»arts 
nitre, 9 parts sulphui and 14 paits rhnicoal. If 112 lbs. of each 
kind be mixed together, find the amount of each of the three 
constituents m the mixture, giung the answer m pounds. 


Section II. Decimals. 

Add toget her 

1. 2(5'9372, 324 09833, O'123 and 4 2(5. 

2. 4 79093, 39 (5338, 0 0023)03 and 3 7013131. 

3. 079093, 39 (5333, <H102503 and 34(5'0207. 

4. *379-8303. 0 003(5178, 3 973 and 1-30034621. 

5. 181-327(5, 10 0083, 0*16709 and 11-90*2. 

Subtract 

6. 72 807236 from (531 04357. 7. 29'78787*from 31 010101. 

8, 549-8623 from 782*296. 9. 9-099901 from 10-00901 

10. 12 0360819 from 107-00617. 11. 23-907325 from 84 0157- 

*12. Add together 346 07043, 3 974928 anil 0 00647328, and subtract 
the result from 359'038622. 


Compute by contracted methods to four significant figures : 


13. 0-03405 x 0-9123. 

16, 87-29x0-01785. 

17. 8 102x35 14. 

19. 23-07 x 0*1354. 
21. 0-03405x0-9123. 
23. 0-01584 4-2- 104. 


14. 7 164 x 0-00734. 
16. 12-39x5-024. 

18. 3-405x9 123. 

20. 0-01239 x 0-5024. 
22. 34 05-=-009 1 23. 
24. 000729-r 0*2735. 
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26. MB4 + ll-3B. 86. 2 SCJt<hiwwJ. 

27. 3 40.1+ 9 123, . 28. 2307 +1-3M. 

29. 0123H + 5024. 30. 34-WH O 1W123. 

Compute 

31. (i) 1 *358 x0-2308. Hi) 23 OK : 001353. 

32. (i) 23-08 -0 1353. (II) JVM : 1 - 353 . 

33. (i) 12 30 >.5024. (11) r»-«l24 v 12 39. 

34. Add -|(}j 2) o. } *<Hi603: ; # *0(Xi5»4. 

35. To (2 r > t 3 625 • * ^ 1 ]) add 4j «. J[!{, and fiom the puni *ub* 

tract 2 -.-82. 

36. To (J f \ » J * ^ 1 25 13T») .uld jV of 4’. and from the Hum 

subtract 5* rift. 

37. Subtract 0-0625 of £113 16s Kd. front *4 of £50. 5s. 6 d , and 
find the number bv which the result must l»e niultijtlicd to produce * 
£985. Us. 6 d 

38. Express 6 cut. 3 <(t h 3.! lbs as a decimal of a ton. 

39. Kind what decimal part of £78. Ks 8d. is equal to £63. 

14a O&d. 

40. A niece of wire 4 7 inches lung weighs 55 grains; find the 
weight of a mile length of this wire. (1 lb. -7000 grama.] 

41. Express in its simplest for m 

l£ of £2. Us lid. 

1 5 of £4 18 h Sd. » 0 3 of £5 

1 i,.i 

42. Simplify * * f ‘ > 0 21. 

2 of -j «»f « 

43. What is meant by 2 307 of a whole number* Kind the value 
of 2 307 of 16 cwt. 3 qrx 13 list 

44. A blotter coat 0 03 of a crown, a l»ook 0 03 of a pound, and a 
penholder 0*03 of a shilling. What will Is* the total coat of the 
three articles ? 

46. Find w hat fraction £16. In 10$d. is of £59. Oh. 2Jd.; oxprewr 
the fraction in its lowest terms as a vulgar fraction, and then 
convert it into a decimal. 

Simplify: 

46. (7 3 x 00143 -r 15015) - (0152 / 0033 4 2 09). 

47. (21-7 x 0087-f 203) t (10201 x 0 319 -f 2039). 

4 a Reduoe to a decimal true to three places: 

,\x2.V15 


W.M. I. 


K 
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■ Section III Involution and Evolution. 

1. Find the square of 3*057. Also find the s<j\iare root of 3*iW>7 
in each ease to four mendicant figures. 

2. Find to four significant figures the square roots of: 

(I) »i, (li) II 144, (ill) tir>l, (iv) (HOI, (v) 0-571. 

3. Find to four significant figures iho square root of 17'375. 

4. Divide, the culie of 0 *29 by the square of 0*058. 

5. Multiply the eul>e of 3‘2f> by the square root of 7*- 

6. The length of the side of a squatc is 7 *24 ft.; find the length 
of a diagiftml. 

7. Kxtraot the square root of 4 001, and show that it is very 
little less than ‘2 i i0 ' 00 . 

8. Show that the squatc loot of 7 is intermediate between 2 0-15 
and 2 040 . and find to the tifth place of decimals by how much the 

tPquaru resit ot 7 difleis hom 2 04 /m. 

9. The length of one side' of a sepuue garden plot is .*10 ft. Find 
the area of the plot in sepiarc yaids. 

10. The side's of a rectangle* are 972 yds. and 1*290 ft. Find the 
side of a sepuue, the area ot which is twice that of the rectangle. 

11 . A piece of sheet metal in the foim of a right angled triangle 
has its two |H*rpcndieular side's 1 ft. and 3 It. lospectively. Find 
the length of the third side'. 

12. The toot of a ladder 30 ft. long is 5 ft. from a vertical wall. 
How far up the wall will the ladder reach? 

13. The cost of the gravel for a sejuare courtyard at 2Jd. per 
s((. yd. is 1)33. 17s. Find the length ot a side of the courtyard. 

14. Two railroads cross each other at right angle's at a point P. 
Two trains A and li are moving on them with velocities of 30 and 
22£ miles per hour respectively ; at a given? instant the front of A is 
32 van Is short of /’. and the front of li is 100 yards past P ; find 
how far the two fronts are apart at the end e*f three-fifths of n 
minute from the given instant. [V2 - 1 *414. ] 


Section IV. Averages and Ratio. 

1. A train make's a journey of 89 fi kilometres in 1 hour 
10 minutes. Find its average speed in centimetres per second. 

2. What is meant by ratio? How would you express the ratio 
of 5 tons to 8 lbs. ? 

3. Express in their simplest forms 
(<») The ratio of ‘ij to 7 b 

(h) The ratio of J of 53 ewt*. 3 qrs. 3 lba. to 0*4 of 65 cwts. 
0 qrs. 11 lbs. 
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4. Emil Or average of 2905, *28115. *28 4.'., 28-04, 281fc.\ 29 00, 
29 H5. 

5. I>ivilli’2*0 into tliir*- jurth projiort tonal to tin* nuiuWrt*?, 8, 0. 

6. Kind tin* ratio ut £2 IT*-, hd. to £12 Is*- 9d , and t?ie ratio 
of 2 cutH. 2 ijrh. 10 His! to 12 * w t** tt ijih. Ill ll>H. Find tin* 
difference Udween tin* rating 

7. How mmv |M>imds an-tin n* in O 7(tSti2l of a ton v How manv 

ktlogiaum an* then* m it it |<«* kdogums cipi.d I l#*»SI cuts 


Section V. Percentage. 

1. 10 rut. of *oigii is sold at 2,‘d a pound. 11«< r**l»\ gaining 
11a Sd Whit is tho jaotit jut nt ' 

2. A * ontrin toi Inals that out of 2ooo luu hs J .ti«* uscIchk and 05 
,r<* hrokrn What jarcorit.igi* o| tin 1 wli“Ir nuinlii i an* sound? * 

3. A motor mr was knight t’oi £850, thr average working 
expense-* arc £10 |m i month, tin* cost of n paus, «*|« . jh-i annum in 
£75 Wh.it ja*rccnt.i|'c of the <ost ol the eai is tin total annual 

C\|H‘nKc'' 

4. If the air in a room ront.ims 2o 1 |x*j *e»t. hy volume of 
oxygen, find the nwtnher of < uln- t« • t of this gas present mu room 
which measures 10J tect « \cry wav 

5. Suppose a contra* tm loses 33 jh r cent of his money and then 
fimla he has £2000 h ft How much had In at tuM ami what did he 
lose ? 

6. A gr<H*cr haa two kinds of tea wliuli eoNt him 2 h*K« 1. and 
2 h. 1*1. per lk reap***truly Fm<l how many llw <*f tin* former 
kind he niuit mix with .Vi |h« of tie* latt«*t m» that he mn^’ gain 
25 |H*r cent, hy Helling the mixtiir** at 2*» 1 Id pci lh. 

What i» meant hy jmt* < ntage * 

7. Ihvide £814 among three pernon* in tin* riitma *> y and 
State what percentage of the total amount ra< h |h ihoii receive*. 

8 . One km*l of gunjKiwder eonmstK «jf II jn*r c**nt. sulphur, 
M lK*r cent, charcoal and 77 }x r cent nitre. Another kind is 
made of *2 part** sulphur, 3 part* ehano.il ami 15 jiartH nitre. If 
2>N) Hr*, of each lie mixed togeth**r, find tin* amount of each of the 
three constituent* in the mixture 

9. A Hum of £2928 is to ho divided among four persons in the 

ratios |: * : J : Find the share of each. 

State tho percentage of tin* total arm runt which each person 
receives. 
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10. It js found that a motor car covers a measured distance of 
100 yards in 9 74 seconds. What is the speed in miles per hour’ 
If the estimation of the time is 4 of a second in excess, what would 
be the upeod ? Find the percentage error. 

11. A shopkeeper marks his goods at a price horn which he can 
deduct 7\ per cent, for prompt jaiyment, and still liave a profit of 
10 per cent, on what the goods cost him. Find the cost price of an 
article which he marks at £2 1 os. 

12. A merchant buys 90 ton? of coal at 17s. fid. per ton ; he sells 
40 tons at 21s. fid per ton and 50 tons at 28s. fid. per ton. Find 
the profit per cent. 

13. A merchant buys a quantity of iron ore and sells a part of it 
at a profit of 25 jjer cent.; he sells the icmaindcr at a profit of 12 
per cent ; on the whole he thereby makes a profit of 18 per cent. 
What part of the original quantity did he sell at the higher price’ 

14. A sum of £1000 was invested 111 the pureluisc of 2* per cent, 
stock at 884. Find how much stock was obtained and the annual 
income that wdl Ihi received. 

What would have liecn the income if the £1000 had been invested 
in a 3j per cent, stock at 10-4 ? 

15. If oopper ore costs £3. 19s. 3d. per toil and yields 14* per 
cent, of pine copper, find the cost ot the oie required to produce 
one ton of copper. 

16. Divide £5fi between .4, //, C ami I) in the ratios of the 
numbers 3, 5, ", 9. State what percentage of the total amount 
each person receives. 

17. A quantity of ore containing 23 pet cent, of copper is bought 
nt 9s. per owt., and 9.'i per cent, of the copjier is extracted at a cost 
of 2s. I0$d. per ewt. of ore. Kind the pi wo per ton at which the 
copper must tie sold if a profit of 15 per cent, is to lie made. 


Section VI. 

1. If the price of meat in France is 2 7\ francs per kilogram, 
what is the pi ice per pound ? [5 kilos. -11 lbs. 1 franc = 9 jd.] 

2. Find the value in Napoleons and franca of £25. 16s., the 
exchange being 25fi francs per £1. [1 Napoleon-20 franos.] 

3. Express a pressure of 1 ton per square foot in kilograms 
per square metre. [1 kdogram-2^ lbs. 1 metre = 39 37 ins.] 

4. Supposing a farmer spreads two tons of lime on an acre of 
ground, how many ounces would this be to the square yard, and 
how many grams to the square metre ’ 
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5. If in Pans a sovereign can be exchanged for 25 franca 10 

centime*, and* in Loudon a 20-franc piece can lie exchanged for 

l. r M. 4<L, find what is gamed or lost by changing £23 in 1‘aris inUi 
French money, and then changing the amount received lack into 
English money in Loudon. • 

6. How many jMHindsVnd how nmnv kilograms an* there in 
0*308624 of a ton* How many kilograms are there in it if 10U 
kilos, equal 220*46 llw. ? 


Section VII. Algebra. 


1. Let x lx* multiplied l»\ the square of y, and subtracted from 
the oils* of the ruls- root of the whole ih taken and is then 
squared. This is dmded by the miim of y and ;. Write this 
algebraically. 

2. Write «lown algebiau ally Add twice the square iax>t of the 
(ids* of x to the product of y squ.iml, and the culie r«x»t of 2 . 
Divide by the Hum «*f j* and the square i«K>t of y. Add four and 
extract the square root of the whoR 

3. Write flown algebraically • Square a, divide by the square of 
ft, add 1, extract the square r«X)t, multiply h) n\ divide by the 
square of n. 

4. Subtract ft J from « a and divide the result by the sum of a and 
ft. (i) Express this algebraically in its simplest form, (li) Kind its 
numerical value when a ft'332, ft-2•"42. 


5. When x ami y are small, then - r is very nearly equal to 

14 j- - y, + y * 

What is the error in this when x-0-02 and y -0 03 ? 

6 . State what are the values of a* • >r' and f»f (a*) 4 , and justify, . 
your answers when a -2. 

7. Subtract ‘to -.Vj + 2c from 4n - 2ft * r. Verify your answer 
by supposing that a-*, ft jj, r~~ J, and finding the value of each 
of the quantities given^uid their difference. 

8. State what is meant bv a 5 6 7 8 9 10 and explain why a* x a*sea 1 . 

9. Find the value of 


- [a - {ft - (<* - x) - (ft-f r)} 4-tf] 
w hen a, ft, t, d are equal to each other. 

10. Reduce to its simplest form 

(x + 2y + :)(r42y -«) • (x~ 2y4-t)(x-2y-*). 
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11. Kind the valuoN of the following expression : j 

When**-7, r - 10, 

... t* b _ r* 

• l ' (r- /<)('« M + (« b){b •*;*(/»-»’)(c - a)’ 
ah b r f r a 

" (b <•)('" - «)"* (c- '«)('* -ft) («-/>)(/*-<■)' 

12. Kind tin* sum of 

« t 'lb .V, - .Ifi j b ) 2e mid ’3* IV> 4 -V. 

Verify your answer h\ su^po-itng that h «•-], and 

Hnding the value ot eaeh ot the quantitiea given aliove and their Mini. 

13. Show that 

t 2 (ft 1 i W){a i h)' 1 (fi , h) x Irf. 

Verify the identit\ in the .a*e when a '2, b It 

14. (liven \\x - I, 2y It, t, find the numerical values of 
the following expiessions 

(i) tiry \y. , 2... ; 
it. 2 1 y : 


(u) 


•V 


;wu J 


(in) t 

y - < < y 

15. (liven £r It. ty It and 2, find the nunieiteal value of 
(0 \'(Ny 4-2; t-7) t- \fy$* «y f ~); 

. .r f v f ‘2. 

(») i ; 

y 3r v 
(ml 1-y I y: 

18, If Ai - It and lb - o, find the numetleal values of: % 

1 2 


, . f i b 1 I'MkiVt 3 . . riita 2 ab ■ '2b 3 

(,) r-rr-v ; (,l,) V<»- «)(3.+»y 

a b a b 

17. Kind hv how nuieh the quantity 

V JC*+|U-I 7/ \ jJ /** + «/ 

exceeds unity, and verify your answer for the caao in whioh p = 2, 

and /.' \{ IP .rx/^'V.e 5 )}. 

If IK—10, w-o, find x and A*. 
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19. 


r 




20 . 


23. 

If If - , 


r 

ii 2, tint! /’ 


3 • ‘Am , 


V «*Ntf t n mu ff 

(ilVOJI n -0 3, 111, turn <1 0 Will, 8111 (I II find /’. 

,V* , / » »" 

\ -j, * - v -• \ M ,,/ 

' II 

wh«*iy 7-32-2, If -3n, » » 2. vi 

nmnenr.d wdut* of r and v and j y : j. $ 

21 . civ.i it ' :i , 1 . ir. 

2s 'A • 

Kind tin* imiiH inal miIiw of H if IF -11 Ml. 

22. > »>« \fi % . 

Find .V ’A Iii-ii I* 50, t 1,J lli 

lldi ml* 
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Find tin* 


Section VIII. Multiplication and Division. 

1. Multiph r 1 11 ■>/ • 3ii/ i • y‘ l>\ i- 'h y 

2. Di'id*’ r % ltr 3 -» .V 12 1\ r 3. mid m< van vu.ik to 
factorize tin* dividend 

3. Kind tin- mjnare <*f x 4 x } • Ij 3 

4. Multiply j j t r* • .i J 1 r 3 1 i' • 1 )»\ i 1 

5. Multiply f* 3j J v 3»y J 1»\ 5>y . 2»/' Verify tin* jvmilt 

hy Huppoaing that r 2 and y 1, and ►•ubMitMting thew value* 
in i*'li of th' 1 tun given expies-iorm and Hint which \ou have 
fouriR for th«*ir product 

6. Multiply 2X 3 - .V J v I ixy J At/ 1 b\ 2» • * 3 xy 1 4y*, and find the 
value of tin* product when > I, y il I. 

7. Multiply 5a J t(m + w) i »r\ and di\ide the product 

by - Vnbr(m’*- »i) 5 . 

• 

Section IX. Simple Equations. 

Solve the following equation* . 

t 3x - 2 - 2ar + 2. 2. 3r i 3 - ftx 9. 

8. &fl2=6-2r. 4. . r ‘ 

4 0 0 

5. (jt- jM*+t)-(- r - 5 ;(- r +ty=iii . 
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•Solve the following equations : 

6. (/+7)(x-8) = (x-3)(x + 4) -48. % 

q x-a a' J + fP X-b 

~\7 “ ah ~ a * 

'•('''.)(• “.'.-.Vi 

ab Wx 


7. 

4x-3 


-. r + a r 6 

11. + .j - a+ 6. 


12 . 


a i h a - It a i - T a 


13. 1 (a* - io) - is - ,',(ar - 4i>) ' (57 

14. ' ; 

x ±r .U - 3 

15. (x - a)(x - /») - (x -- c)(« - d) + 1 (a* * IP ~ c 3 - dP)~ 0. 


Section X. Simple Equations. 

1. If one part of £44)0 l>e put out at 4 per cent, per annum, and 
the other part at 5 per cent, per annum, and if the yearly income 
obtained bo £18. 5s., find the parts. 

2. A sum of £23. 14s. is to lx* divided between .4, B and C; if 
B gets 20 |H.*r cent, more than .1 and 25 per cent, more than C, how 
much does each get! 

3. The sides of a triangle ABC at v together 61 miles long; BC 
is g of A B and three miles longer than CA ; find the lengths of the 
sides severally. 

4. A-man pays away half his money to A, a third of what he * 
has left to B and a fifth part of what he still has left to (7; iLafter 
these payments ho has 12s. 8d. left, how much had he at first? 

5. A sum of money is divided between -4, B and C; C gets 
twioo as much as -4 : .4 and B together get £50; R and C together 
get £60; find the sum of money, and how much each person gets. 

0, A certain numlier of persons ventured equal shares in a 
business, so as to make up a total capital 6f £1719. 8s. 4d. The 
first dividend was 7£ per cent, upon the capital, and amounted to 
£2. 14s. lOJd. per sliare. What was the number of shares! 

7, Four lbs, of tea and 8 lbs. coffee cost together 12s. 6d.; if the 
tea became 20 per cent, dearer and the coffee 16 $er oent. cheeper, 
tho cost would w 13s. 3d. Find the prioe of a pound of eaoh. 

8. The length of a lino A is nine-tenths of that of another line B, 
end a sixth part of A is 201 ft. longer than the tenth pert of B ; 
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®* Acyclic rode a journey at a constant speed of 144 mile* an 
hour. If he had ridden 3 miles an hour slower, he would have hoen 
64 minutes longerthe journey ; how far did ho ride ? 

10. A and H have between them £400; .4 receives a legacy of 
£3.i0 and then ho.has twice as much as //; find how much .-rand B 
had at hint. a 


Section XI. Mensuration. 


1. hind the area of a paralhlogr.in# in which one of the diagonals 
ia 4HO ft., and each of tin- ik-mm ndi« nl.its on it from the on im wile 
angle is 100 ft. 


2. 1 he areas of a n*< t.mgului and a Mjuar* held an * 
lengths of the sides of tie- former Ling 1 35 ,*> and 103 
respectively. Knuf the mat of eiw losing the square liild-j 
at 2 5 franca per rmtre 




3. The length of a rcctangnlni field is to it« breadth as 3 to *2. 
and its area is llif.H square meir**** Kind the side* and the cost of 
surrounding it with a Juice at 2 25 franca j*-i metre 

4. A map is drawn to a iw-ale of .“>0 m« lice to a mile ; how many 
square inches on the map w ill repn sent lo n< n■« on the ground ? 


5. A rectangular i»lot of ground inerisureH 300 urns, its length 
hemg three times its brvidtli 

Kind to the nearest yard the length of feme which would be 
required to enclose it. 


6. The sides of a rectangle are 16 ft. and Iff ft long respectively. 

Find the length of the diagonal of a square, the ana of w hioh equals 
that of the rectangle. 9 

7. fl'be area of a country is 32,300,flU0 acre#; it consists of three 
kinds of land, via., flrst, arable and garden; secondly, meadow, 
pasture and marsh : thirdly, waste ; the area* of these kinds are in 
proportion to the numbers 2, 3 and *j. How many acres are there 
of each kind? 


& All round the floor <>f a room, which is 2H ft long and 22 ft. 
wide, there is a horder e>f 2 ft. wide which is left uncarircteri. Find 
the cost of stainiiig the Larder at Is I pi. a square yanl Kind also 
the number of yards of carpet 27 im hes wide required f<ir covering 
the rest of the floor, and the exist of this esrjiet at 3s. 9d. per yard. 

9. The diagonal of a rectangular plot is 53 feet, its length is 
46 feet; find the aide of a square that shall i-qual this plot in area. 


10. How many yards of fencing will lx* required to enclose a square 
paddock of 40 acres, ami what will be its cost at £2. 12a. 6a. per 
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11. A courtyard in the shape of an isosceles triangle has each of 

its equal Hides 85 feet in lengln ami its Isise 154 feet* Find the cost 
of paxing at 2 m. IHl. per square yard. # 

12. The eoHt of lex filing a square piece of ground at 7^d. per 
kqiuirt foot ih £100. 2m. tin. Kind the coat ot .surrounding it with 
an non fence at 2 k. 7d. per }urd. f 

13. 'I 'he length of a ioctangular tiyld ih to its breadth as 5 to 2, 
and itH area is 11004 square metres. Find th* 1 coKt of surrounding 
it with a fence at 2’25 Iranes per metre length of liouiidary. 

14. A room in IH It. Ion/* 12 It. wide and II ft. high: what 
length of |Mi|M'r, a yard wide, would !*• required to line its four 
walls and ceiling ? 

15. The length of a rectangular field is 156\*i metres and its 
width 125 75 metres. If the prme of the land is 5*5 francs jut 
square metre and the cost, of enelosiug the field by a fence is 2‘75 
francs per metre, what is the iatio of the cost ot the held to that of 
the fence? 


16. Explain why there aie nine squillc feet in a square yard. 

tS ixth that i indie is 30 37 inches, find the length of a side of the 
square whose area is I1300 squaie meties, pi) m metres, ( b) in yards. 

17. The floor of a loom is IH It long and It ft wide. Wluit will 
it cost to coxer it with linoleum .it 2s .‘hi. per square yard’ 

18. A rectangular field is 15 tf» inches long hy 105"75 metres 
wide ; find its xalue at 2’73 tianes jn'r square metre. 

19. If the cost of putting a lenee round the field in the preceding 
exercise wete 2 - 73 fianrs per motif, show that the ratio of the 
cost of the fence to the price of the Held is xcry nearly 1 to 31. 

20. l^ind the ami of a triangle the sides of which are 3*15 ft., 
3 48 ft. and 4‘20 ft. tespectively. Find the length of the perpen¬ 
dicular let tall from the opposite vertex on the side 4“29 ft. 

21. The sides ot a tnangnlar field me measured and found to he 
200 yards. 276 yards and 115 yards rospeetix’oly. Find the area. 

It is found on examination that the scale used is 0 07.) inches too 
long in each yard. .What is the true area? 

22. The parallel sides of a trapezium arp 97 yds. and 143 yds. 
respectively. Find the area if the shortest distance Iwtwecn them 
is 96 yds. 


23. The two parallel sides of a trapezium are 650 and 925 yd*, 
respectively. It the area of the trapezium is 661500 sq. yds., find the 
perpendicular distance betwocu the sides. 

24. Find the area of a hexagon, length of side 2 ft 
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Exercises I., p. 5. 

i 29 j 3 « no 5 :.:i « i;n 7 2.176 t. 19. 

9. 9134 10 1.117 11 252 12 149 13 17. 14 .T.’5. 

IS. 137. 16 177 17 (Kl 18 685 u .-.7 20 ill. 

21. '.>003. 22. 9 33 729 34 1 14 30 119. 24 3«. 

Exercises II., p. 8. 

1. 120. 3 13728. 3. H930 4. 4590(10 5. 2970. 

6. 3264. 7. 172972s 8 060 9 1155. 10. 6106. 

11. 43029. 12 128093 13. 2535258(11 14. 10380. 

15. 42504. 18. 252; 1081080 17. 181 19. £2.12».6il. 

156035880. 20 18480 31 4950. 

10710 33 149.1317160 24 3 ; 61727. 

472787. 26 2137. 27. 1 80; tB. 


Exercises III., p. 13. 


1. ftj. 

2 ifP 

3 8’, f ;- 

4 1 1 0 I 

9 * l A* 

«. 0. 

7. 221. 

8. !• 

9 261. 

10 i! ■ i;, 

7 » 

rft 4* 

11- IO3J0 

■ 12- h '.< , 

13 1,’, 

14 9,V. 

IS *lV»0' 

14fV 

17. 6, 7 i 

is lo,’.. 

19 llJUo- 

20. 7,V 

21. 0» *$• 

22. , 5-5 1, • 

23. 

24- 9,>, 

25. liJ. 

u. 

m ’ i<n 

27. a jrt • 

28. » 29. 

2. 30. 1. 

31. 5. 


Exercises IV., 

p. 17. 


a. 4,V 

3. i ; 20,' 

4- WllJ. 

s. SJ. 

*. SS- 

t. (t) 1; 

(11) [. 3. 

9 1 

72 

11 >3 

11 tie 

12 . m 

13. y. 14. 

7. 13. S. 

15 56. 

IT. 4. 
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»• 'AVs- JO. Iur M. (OuV, (ii) If 

M. 22?. 33. JJj-. 34. 33. 13,V «i. 3 Vj. 37. 2}. 

33. a y„. 33. I. 30. 1. 31. 2??. 33. ,V S3. 960. 

Miscellaneous Exorcises V., p. 19. 

1. i ■: nr 3. ,o.. 3. 3H a . 4. 3 , 5 V 5. 63{a j y■ 

*• neV- 1. ie«- 8. 7.!. ». ..Ai- 10 . ,V 

11. T( C 13. •)(,* A. M. 14, 2 ;'.. 16. 293 * 3 . 

13. 1J. 17. II?. 18. 155. 19, 4?. 30. I?. 31. 1. 

33. 31. 33. A. 34. 18s. 9.1. 36 6?. 36. (i( ljj|; (ii) J. 

37. 7jj«. 38. £15,4181; T2200. 39. 14; iimnitc*. 30. T603.58.0d 
31. £4. 4s. 11(1. 83. 3.1 (UyB. 83. 2hl«. 24 liunfl. 34. 1? horn*. 

36. £45. 36. ,V 87. 3».6d. 38. (i)2; (li) 6^,. 39. S«. 4<1. 

40. J 41. £1. Ilk (id. 43 (.«) 1 H,. 12 (A) 10 lb. 8 or. 


43. 

1 .} oe. 

44. 19*. 4<1. 

45. Hi. 4(1. 

48. 1-7. 



Bxercisos VI., p, 23. 


1 . 

21099730. 

3. 197-19546. 

3. 370-52693. 

4. 365-2231. 

5 . 

82 00510*2. 

6. 251-339736. 

7. 1035-691. 

8. 219-36514. 

9. 

370-2284*27. 

10. 225 16774. 

11. -533901. 

12. 332-72973. 

18. 

•932402. 

14. 8803 96427. 

15. 12-7834075. 

16. 8-828865. 

17. 

4454408. 

18. 8-03898. 

19. 35 95277. 

20. 

314 5386162. 

21. 9101.56-00*254321. 32. 

167-27853383. 

23. 

556x464495. 

24. 547'12825. 

25. 4674-162. 

28. 301-6252. 

27. 

32 04147. 

28. 72 6781. 

29. 148-64236. 

30. 64-0888. 

31. 

4639-55683. 

32. 59 73286. 

33. 18-903296. 




Exercises VII., p. 96. 


2. 

06424. 

3. -00001*28. 

4. -00502il. 

5. 366-2348. 

«. 

•0699. 

7. 109733. 

8. 011214. 

9. 8-74894. 

10. 43•‘2457. 

11. 3-2219. 

12. 808-5363. 

IS. -0002194 

14. 340-1406, 

15. 210M27. 

18. 79682-44. 

17. -012016. 

18. 

10875. 

19. 167433. 

20. 011214. 

21. 107151. 

13. 

•0001287. 

23. -0017283. 

24. -011836. 



Exercise* Tin., p. 

1. 4)016. X -a. X 100'37. 4. 2892tt A -0061. 

8. 1562-5. 7, 4-29. X 66600. 9. 3-7350 IX -0117. 

U. 76-823. IX 1-2645. IX '401. IX 2-49. IX '435. 






# ANSWERS. 

137 

16. 

•314. 

1T i 

11200ft. 18. 00334. 19. -02496. 

SO. -4907. 

a. 

2501. 

33. 

98*9. 38. 0245. 31 325. 

u 4&woa 

M. 

1883. 

37. 

40*9. 38. 34 67. 39. 2783 

SO. -0003. 

81. 

9060. 

81 

■005 S3. 631, remainder 4*33 in. H 2"8.» 

10. 

9673; -005. 


*3; -003. 




MiscelUneous Exercise, IX., p. 

28. 

1. 

4-92. 


2. 4-255. 

3 1005 0979 

4 -097485; -25. 

0. 

•02578; 

009216. 6 3 <C>9 

7. itenS ; 9 -s. 

8. 401 ; 2 49. 

9. 

9740-874 

; 1813-68 10. 

440-82. 11 

09375; -781*25. 

11 

0)76*9, | 

[iit 'Oti H. (iiaK). (iiiO -JOi'.’ 14 (l) 1217 OOf, (<i)44. 

10. 

•258 . 4-05; 

1-045. 18. (i) -097485. (u> -23 

17. 2. 18. 80. 

19. 

•08. 

30 

0481. 21. 

■0209. 33. •OU9216. 28. jSj* 




Exercises X., p. 32. 


1. 

2010 114. 

2 273-9240 

3 1701035 

1 105-0567. 

A. 

6 020297 


6. 302 203 

7 4#»1 172*47 

8. 10-894608. 

9. 

26*3X96. 


10. 44 1922. 

11 0 47522 

12. 169-209. 

18. 

•43071. 


11 1820 392. 

15 '03727* 

18. -00864. 

17. 

1274-897 


18 1 H.sO<>. 

18 197905-857 

8 20 714 1791. 

*1. 

47975-1. 


33. OHU'iS. 

23 2*4393 1. 

24 51-258. 

30. 

■01661. 


36. 20-7969 

27 -05258;* 

28 212 0346. 

39. 

3#7.V70«. 

30. 324 0642. 

31 30 074. 

33. 14530 625. 

88. 

-032370. 








Exercises XI., p. 33. 


1. 

32046. 


2 '-SI.-,. 

3 < M *825 

4 119-57. 

0. 

6 725. 


6. nWMi. 

7. 43-2.5. 

8. 4*05107. 

9. 

*070X85. 


10. 31012. 

11. 090175 

12 4230. 

18. 

32*79. 


M. 433. 

18 ;wi H. 

16. 413764. 

17. 

317 5. 


18. 1372. 

19. 717 8. 

20 4073. 

31. 

04705. 


23 . .VV,. 

23. 1J0243. 

H. -245. 

35. 

•628. 


36. mtm. 

27. -001000. 

28. 2460. 

39. 

■00348. 


SO. 13 7-7. 

31 130. 

82 10880. 

88. 

•03. 

84. 

007793. S«. 

90 16. 80. 3-921. 87. 4*3674. 




Exercises XII., p. 38. 

» 

1. 

•585. 


1 2 593J5. 

7. -9412. 

4 -9375 ; -02*. 

0 . 1 (*9375. 

0. 

11 8288. 


8. 11 7578. 

9. 18-402969. 

10. 

r a . i 

unr; *■ 

7 4 01 "it. 

; tajh*; fo • i • 

1L 8jgj- 

12. -5269. 



m 
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IS. 

'18C5. 

14. 

189. 15.1 271. 16. 11 jVA 

. 1738T 

> 09 *050* 

17, 

•0034. 

18. 

1 -29678 ; -03ol5 ; -32115; 2-891*3(5. 

19. 412441 

30. 

1 a 1 

3j>0- 

31. 

5- 23. 2. 33, 0:1. 34. }; jg. 

35. 19-41 




Exercises XIII/, p. 38. 



1. 189. a. -.1472. 3 8-304 pence, 4. 2026-248 minutes. 

3. 37-072 Ilia. «. 4021 32 ft. 7. 9*. 7j>l. 

3. '73. 9. -325. 10. £22. 11. .>4701 425. 

19. 003-18. 13. jVjV 14, 5-4198. 13. 7S012. 18. 8d. 

IT. -3140025. 18. 2-7705625 ; 2 qrs. 7 lbs. 

Miscellaneous Exercises XIV., p. 39. 

1. 7256. 3. £4. 3s. 1 SO. 3. 0 232 4. -000008. 

3. -00181. 8. 820. ?. 43J 8. Ji; 53; Oti. 

9. 144-1. 10 1 0 II. -850 13 15 ; II. 

13. I -824181: ',,V»V- 1« 420 15 lull 

IS. J. 17 1 : l. IS IHHiM 19. 19-65. 

30. "276; 31. | 7 ,,'. 22 0-7'V. 33. -4*. 

34, HI8449. 35. -9705025: 1024: I. 26. '975 27. 23. 

28. 1909. 39. 15. 30. -527. 31. 3 1097. 32. -005409 in. 

33. 38-01 II.s 34. 208-58 nun. 33 2<-w t. I qr. 12 lift.; 0-060. 

36. Cl. 19s («1 37 £11. 14s. 8,1. 38. 2s. 4 M 

Exercises XV., p. 44. 

1. -0009. a. -0090000109. 3. OHM 4. -18. 8. 

8. 3948125; 241141; 3906-25; 244140 0. 

7. 8-7025 ; 25 07; 11-22; 37'595. 8. 7 25. 9. 000271. 10. I. 

11. -003039. 

Exercises XVI., p. 48. 

1.729. 3.327:28 349. 8. -437902 4.11523. 8. -0125. 

8. 7IXX1; lli. 7. 9-539. 8. -09. 9. 70205; JJ. 10. -02804. 

11. ISO. 13. 2317. 13 8-4-20. 14. 911(H). 15. 7070. 16. 22004, 
17. 10 001. 18. 3007. 19. J:}; 2840. 20. r (i) llilOS; (ii) 15-3011. 

31. 57-OOt. 33.507. 33 (i) 2-828; (u) 014. 24. 141 05. 38.02573. 

38. 0,V 37. 7072. 38. 4-168. 39.1040. 30. (i) 4 3; (ii> 7*. 

31. 5|. 81 (i) 0-73 ; <ii) 0 9 ; (iii) 12; (tv) 1-47. S3 20-46. 

84. 0-5.' 88. 0-73. 88. 253J. 

Exercises XVII., p. 51. 

1. 206215. 3 . 47 ; nnlt-s pt-r hour. 

3 3tl|s tuili-s per hour. 4. 3 list. 0 07 . 



a s 


S ANSWERS. 


I«9 • 

8. SO mil™ ]k 4 hour. (. 26722 30. 7. 2<1 27. • 

I. Hr. 1JA • 9 07-29920; 6290. 10 £1672. 2k. (kl. 

u. Miwlo; isjYoV »• i>. 149JI. , 

14. 30 5 ft. per me. IS. 9*9 11m IS. 59-99. 17. 0* tiisnu. 

18. 13.t. 4 11*. 19. 8fl040. 90. 70400. 

Exercises XVIII., p. 56. 

1. -00273. 9 70:9 3*4 .17,1 4 £6 1 la. I0J.1. 

5 10. 6 £4.S1 3s. 7. HK39 S j". 

9. 483 milt's. 10.71 11 £221. £210, £360. 

13. 22cwls 2qrs. 13. #.'>24 14. 39J, OS, 7#i IS. 5. 

1*. is 1 l 24• 17. £7 ; £11 13s. 4.1 . £1(1. 6s. H.I.; £21. 

15. £7173. 6s. HA; £,HO70; 6H60H; £8900 13s. 4.1. 

19. «». 6A 30 £4 Oh. ; £3 f>s.; £2 10s, 

Exercises XIX., p. 59. 

1. £2. 3s 3 120. 3. £9 Is 7 2.1 4 f>J. 

6. 18-57, 6. 28*. 7, £H70; 7lr >• 142800. 

9. 12j. 10. 26J. 11 £440 10s 13 £1 19s 4d. ; 21'4 /.. 

18. Sulphur 28 lbs , charcoal 42 lbs , nitre 2Io lbs 14. 12'7‘2. 

18. 5 per cent. 16. 20 pi .cnt 17 t«2. life 18. 2; 14. 

10. 19 |m*i cent. 30 19 2<> 21 £I9T» 10«. 22. 20200. 

. 5s. 3<1. 34 7-95; 16 0 3S 121.1 3S. 67,26-3,6 7. 

. in) 11211*. (6) Ml. 38 98 0611,2-24 98 06. 39. £39. 10«. 

I 

Exercises XX., p. 66. 

6 x**«+%, <* x,x> J-\ 3 120 ; 100 ; 12 

2 4 

4 96; 432 ; 396. 6 93 S -44 7. 106. 

8. 20, 8 2. 10 40 11. 9. 13. 5. 

IS. 1640. 14 $. IS 1060 IS. 14179 7. 

Exercises XXL, p. 67. 

l! ll(o + 6 + r-srf|. 3. 13o-136 + 9f+ 2rf. S. 10s. 

4 SKlr-56. S. 8x-6ys8:i.j. S. ors 26y^2S - 4t. 

7. 7-ty + 5a: V • "mot - 3// 8 2a’ • 3a - 36 r. 

4 47a* - &* i 3c 1 . 10. I5a/i-7«r4 4<jl 8. 

11. 12a , + fla£-i. 1 *3a + 46. 31. 1X194 IS. 109. 

14 2a*6 + "at? t 36 s . IS. 9.;’, .W f - Ga6 * 3aAs Imd. 
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• Exorcises XXII., p. 69. • 

3. 6a a -4a+36-4. S. y a + y-4a. 4. 3a' J -76? S. 2xy + 16-fS. 

«. SxJ-^xy-S. 7. -a'-lM-alA ». Wb+W. 9. 8a + 8»-fc. 
10. -ax-76y + ‘2tt+2. 11. 3 j? - to 5 k &e - 3. 18. 2a + 26 + flc. 
13. ik + fty-if-'ix+SO. li.rU}mz + 4bx- lOay +1. 

U. a?-la%+M,' l W. 18. ™y .17. Sai-SJ*. 

IS. MxV - fly 4 ; 4-r 4 i 4x a y 2 J 19. x J cy I ~ >y' i ■ 5y\ 


Miscellaneous Exercises XXIII., p. 70. 

1. 3ac + 4y-2. 3. ax + fi6y- llcz t nui. 3. 0. 4. 16. S. 22'41. 
S. 2. 7. -6. 8. 36. ». (i) 4 6; (ii) 1(1; (iii) - (iv) -|f. 
10. (i) -40} ; (ii) li|j ; (iii) - ■ 13J. 11. a 2 2«.r + ox a . . 

IS. -7a ! 136 +3c; 34. IS. -l2xy;-24. 14. x 2 r I3x= + 32; 64«25. 

IS.' -2nx; - 16. 11. 2n - llft + .V ; -3'7. 17. ^ ]]?' J—, r i 

18. (a) a-If, {!,) a + 1., (r) ' f . 19. 60. 30. 20. 


it.! 4 f 4-r 3 i 3 | />x 


a 

88. 1-75. 


33. 20, 2 5, 2 4, 28 67. 


?-£)>>• 

5 12 


Exercises XXIV., p. 74. 

1. a* - a ! 6 t Dal 5 . 3. r 1 - !lx a y + 26xy* - 30y>. 

I. x’-8x a y+'- > 8xy a -2ly». s. 18a*-72aV + 616‘. 

8 . 2tav 22e» + AV - 17 ** ♦ Hr: -21. 7 . a> +V+c« - Sale. 

t. 35** - 12x J y - 12+V + 723-/ - ,3fly*. 10. a‘ - b> + 3aVi. 

11. X s + xyz y* I z 2 13. x 6 - a*. 

IS. a‘-2a'6 a + l. 4 +4a6c a -r 4 . 14. x-'+ y 3 r z ! - 3xyz. 

IS 8a*+4a‘fi-54a*6>+27<ii > +276*. 18. +f + 2* , + ?. 

17. 4a s +-6a* - I3rt6 3 + 4.(6+ 6a - 84*-66* +21)+ 1. 

IS. x’ - Six 1 1 167x* - lOSx’+SI.r 1 - 168x+ 10* 

1*. a‘-3al-M*, 23at 1 - 126*. SO. x*-4aV + 3a*»-a*.’ 

Exercises XXV., p. 78. 

1. *+y.' 3. a’+Sax + x*. A xS-Sx + S). 

4. a’+ai+l*. S a*-a4 + 6*. 8 . a*-3ax+x*. 

T. a'-ai -i'. S. a , +2a6 + 26 l . 

8. x 4 +2a* 2 - 3a a x a -'2a 5 f ■'a 4 . 10 , s' + al-ae-le. 

U. x 4 - ax*-6a*x* - 7a*x + 46a 4 13 . 3x*-2ry + j^>. 





ANSWERS, 


1 J. r> I nr 5 Vr -14. x» t y* * - y> -Art - ry. 

IB. x*. ilr»y l «4 , -y 1 . 14 J J * /iV* ■ /H/X 1 If 1 

17. 5xy(x * y). 18 -r* aj J 4llx 8. 

1». r* i a,.-’ <i’.r .i*. JO .i J - i< 3 . 4 j- . 7. 31 irNly + V- 

33. I 2r f 3/‘ Xr> . ,'{.[ * \)r-' M. Sr’ 2,i/,x 2n’IA 
*4. n a - 6*. "36 7j j i .Yiy i 2y’. 


Exercises XXVI., p. 78. 

8. -27 <i-.V> 4 -Iftr+I2y. S l.-V. - 2IA. 

6. r. 7 j- i 2. 8. fl -9. 2n - h -(f. 

10. r + 14fc - <i. 11 0 19 • 71'. II. 2n. 

14. 3li + 31'). IS. 10.?. IS liil: (ii) J "~. IT. 3a+W>. 

18. a 4 ,V» - 4»*. II h 30 2i 136+lOr. 11. 38a-276. 

33. 1*28. 33. ^ 34 125, j. 36. <l) 3 , (ll) 15,'i, (m) 15, (n I 3,‘. 

Miscellaneous Exercises XXVII., p. 79. 

1 ♦},>"' *2+Vir 4 I7 <im’ • 2K.i 4 j 4«' 

2. ii - I. 4 .4 2 .2 j , 3 8 2t > -f Sfc. 

6 (I) r’ ■ Uj ; y -f 26xy*’ 21y\ (m * .wry * 10y* 

7. in t \\, min,I s o 

9. 3a* .W< <ir '.inr* ah 7 ,- + .Vw ♦ /«* 4 6*r*; ‘2. 

10. 367a f 66 4 690r - 240&r 13*6 ; 2. 

11 «)?-•$♦*♦£ (iiliPi'-Sn*.. 13. -2*-30y + S8t. 
6 6 6 0 

13, 2M 344. 14 -35x. I*y ( 17:. 18. 6*-a* +*-!-?! 

a* o* 

IT. !B.(*ly). 


13. W We. 14 -3.5r. I*y l 17:. 18. 6*-a> t 

“•f-T + ¥- 4 ^ X «•»«*♦»>• 

x* x*v ■ r y 2 Sv* ... , h« 2 56* 27«i* 

n. n(c-M. 33. Sfrl -1*) t 3 ,k, 33 "*5. 34 3x*. 

*8. 4. 38. -I. 3T.’ J. 38. {. 38. -22. 88. -f 

«-|;i;-};3r » -*aVy. S3. (I)2a + y + ic ; (11) A- 

84 2x‘-a I -Za , + '2a + 1 38. {• m 

" 'XT' 

S9. ,'w* - 10a*6 -f 506 s . 40. 4a, 4a* + 4<z6. 91. 3a 1 V - 2a6 + 5*. 

U. 3x + 4y. 
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Exercises XXVIII., p. 87. % 

t 


1. 

7. 

a. 

12. 

8. 

9. 4. 46 + 2 

. 5. 

12. 

6. 10. 

7. 

5. • 

8. 

15. 

9. 

4J. 10. 20. 

11. 

11. 

19. 12. 

13. 

13. 

14. 

14. 

18. 

1. 18. 4|./ 

17. 

4. 

is. 5?. 

19. 

13. 

20. 

6. 

31. 

4. 22. 3* 

23. 

4. 

94 ;. 

36. 

-5. 

98. 

7. 

37. 

(i) T>, (ii) 172. 

28. 

25*3. 

m. 200. 

30. 

<i)M, 

, (ii) 36, (iii) 4. 

31. 450. 32. 1*J 

!. 33. 14. 

34. 6. 





Exercises XXIX., p 

. 90. 



1. 

8fl6f. 

1 

>4 ft. 

3. 3j- 

4. 100. 

5. 22; 37. 

e. 

10. 


7. I 

8. 

8. 3; 9. 

9. 6 


10. 9000. 

u. 

ISO; 1 

205. 

12. 

A, £800; It, £320. 13. 

42; 6. 14. 

£660; £340 

is. 

30. 

16. 

55. 

17. 1 

f6i; 2<>24. 18. 

IK 

19. 

23-4; 15-6. 

90. 

£1. 12 

Is. 

31. 

37; 21. 

22. 62. 23. 

a. s 

!». lOJc 

1. 34. 2a. 

aa. 

Uab. 

38 

i. 8* 

24; 9. 

27. 2*79; 9*77. 

28. 

0*793 

ft.; 0-528 ft. 

99. 

4*39; 

15*61. 

30 

. 30; 20. 31. 44 52 yr«.; 27*84 vrs. 

32. 

(«} 18. 20. 

22; 

; (h) 15, 

45. 1 

S3. 5m. 6<1 ; 

Is. 6d. 

34. 

c(c*~ 

1); 336 i 

wiles. 


38. i 

;o. .j 8 

; 14s. 


Exercises XXX., p. 101. 

1. 0254; '3048; 9144; 5-0291. 2. 201104; 201 1644; 1000 3149. 

S. 3 polos 2 chains. fl. 9 yds. I ft. 8 484 in. 6. 0296'4. 7.2414 016. 
8. 39 37 inches. 9. 100'9315. 10. fa. 4‘32(1. 11.3076. 

13. (i) 306901752 ; 935 45 ; (n) 0 miles ,‘109 yd*. I *8 ft. 18. 8*224. 

r 

Exercises XXX. (a), p. HO. 

1. 10 om., fl urn. 3. 07'2cni. 4. 2-45 in. 

6 84“ 48', 57*24', 37*48'; 13 in. 

5. 2) iu„ 4 in., 5J in ; ‘28* 58', 48* 36', 104“ 28'. 

Exercises XXXI., p. 118. 

1. (i) -92800; ( 1 .) 8-36007. a. loll 87 . S. 838-087. 4. -S019. 

6. -845137. 4. 10. T. 30440497. a Latter j 03, 

Exercises XXXII., p.* 126. _ 

1. (i) 208-8 it. ; (ii) T \. S. 23308 yd*. I. 822-25 ; 155-56.’ 

4. 13} ft .1 8. 488-87 ft. 4. 80 ft. T. 250 eq. ft. 

4 600>q.Vt. 38 aq. in. S. 8 66 ft. 10 149J yds. ; £33. II*. 8d. 
U. 3 ft. 9 ii. IS. £1484. 2a IX £91. 16a 2d. 14. £23.Oa 4-8d. 
15. £1. 16a ^9fl 14 871 yda ; £9. 18a lOJd. IT. «• 13a 



s a a a 


ANSWERS. 


Ktt 

• % * • 

' 18. WJ »|. ft. 1». II) JO. I I'.M. II. jL'IT. .V. III. M f2.lt. I 111. 

"■A HI ft. Jo't'IWI JO OJI 110. JO. I Ill ■.’.'«)»>. 37 *44/, 

88 . S ... V t;; |u| jo ^17 <» y,i«. SI. (i».":lil. 

SJ. till a. Ip .1 33 lilt :l in 34 . •-‘.■ITT-’ll--’fi 35. 1# y.U. 


36. 

UN 17- II IP V 37 

3J 5 . 

lis : 

US » , 1 53 \ m,. 

M,S. 

38 

* mill- 

: KM 

39 £IOs\s 1 Si 1 

: CIO ! 

lls : 

il 40 t*l 10*. 

7 5*1. 

41 

ns \,{ 

• 

42 (*»» 0 i< • if* . 

i ' ,l ' 

' ' 1J s 

. K l 

07J sij ,t , 5s. 

5d. 

43. 

t* 11«*. 

Is 

44 !l_uk 

• 







Exercises XXXIII., p. 

132. 



1 

01 s 6 * 

1 ft 

2 r.I.- 


3 

S| s.| ft. 


4 

JIO 

III 

5 t 3 (is 


6 

00 M|. v«l- 


7 

j:wt> k<| 

Ml* 

8 3 .41 1 r 


9 

VMl\ s.j m|s, 


10 

til J 

i 1 

0 |« r 11 IJ.i.- J 

. 117, 


12 £5 UK 


13 

is i:i~ 

0 7*i 

h :«« mh> n. j fi 

15 1 "M, 

J(M. ‘ 

1?50, 15000 m|. \ 

d*. 

16. 

J7‘< v, 

n 

17 K»'» s| h, 

1 f 

18 

IJ .14' l 0 ]»<>, 


19 

43 3 

ft 

20 3 i. 3 j 35 |.o 

(nil 1 

31 M 

1* 21 23 < hum*. 

22 . 

99 SJ 

l K 

23 3S ft 

24 J, 

• h 

25. 1 ‘ 16 at 



1. «| ft 

4. 1 M- 1 . 

7. :i|Kin n,i« 
10 40S 7 H'| It 
13 :iI r (I I 


Exercises aaaiv., 

", 1 I IIIMKm a.ji 




3 . o .ic 3 1 

5 700375 link- 6 ii 

8 4i i*» 1 . ft 9 s:j!) ;> m|. ft. 

11 :il a. 3 r If* jh> 12 1950 

14 3 up lr 16. 23. 27 16 0 92 no 


1. ‘JO lllfilr* 

4. 371 122 *| ft 
T JIM link- 


Exercises XXXV., p. 139. ‘ 

2 300 \ 11 s 3 25s V 

6 1030 23 s., ft 6 lo ft fi in. 

8 30 yu'.l* 


Miscellaneous Exercises XXXVI., p. 141. 

1. 4 8.| III 2 illiio 1 Hoi 3. Ss. (H.l 4 £79. 19 k. 7-H.I, 

5. 3 a 3 80 . 6 4*0; t’4 I* 0*1. 7 4.*>\<lf. 8. 3140 wj. ydg, 

$. imtft. 10. .V2 m| ft 11 71 ><l*. 4 in 12. 10. 

13. 24 ft 9 in. 14. KMO 16. OS .Vi. 16. 12. *«. 3 Hd. 17. In. 5M. 

™ 6 yd*. 19. 220 yd*.; 55>d». 20 £3. H* 3,1 21. #74 >da. 

1J min. 4 we 23 £J2 13* 2*2d. 24.Jj2fu.re*. 

JOTS ft 26. 03 27. 844. | 

355680 «j. link*. 29. 152 075 w(. chain*. SOli’IOo. 

W.M.I. i,2 
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\ ♦ 

, MISCELLANEOUS EXEECISES. ‘ 

• 

Section I. Vulgar Tractions, p. 143. 

3. !•!•* 3. , 4 /‘o- «. ,V S ..\l- 6. £1284. 5s. 

r. ■ 8 £1. 1*. 4d., 02 . S». Ikl/.-tc. 9. ;V 

to. aw. li. c:i..«. la. - 2 iin, kkhmi. 13 . (j) 15 ,(ii)J. 

14. In. Hi!. 15. A!I IS: Il\, £17'>. Ills.; C'n, £2#|; l)\ £-270. 

18. C'h IK (l ..f tt'n ; 2IKI.II!), j»l. 17. Latter. 18. £18. Ills. .Id 

19. XU IT, 107 "24 Hw.; sulphur, 21*28 lbs.; charcoal, 32'48 lbs. 


Section II. Decimal Fractions, p. 144. 


355*46905. 
203 06519. 
0*909109. 
0 03100. 

284-7. 

0 03100. 

0*4033. 

0*002406. 


2. 70'1307481. 

e. 558*230.134. 


3. 400'449933. 
7. I 222231. 


10. 94*9700881. 11. 00 108375. 
14. 0 05258. 15. 1 358. 


4. 387-32920401. 
8. 2.32 4335. 

12. 8'98079072. 
16. 02*23. 

20. 0*000223. 

24. 0*02005. 

28. 1704. 


18. 311)6. 19. 3*123. 

22 373*3. 23. 0 007529. 

26. 2817. 27. 0.1733. 

30 373 2. 31.(1) 0-3123,(11) 1700. 

(1)3*123, <n) 1700. 33. (1) 02*25, (ti) 0*4035. 34. 0*6363. 

7*- 36. JJ. 37. 24. 38. 0 3391. 39. 0*8123. 

105 9 lbs. 41.0*5. 42.2*32. 43. 4358 lbs. 44.9*364 

47. 13*26. 48. 3*7723. 


Section III. Involution and Evolution, p. 140. 

1. 9*345; 1748. 

2 . (i) 2-886 ; (li) 0*3795 ; (iii) 0*7142 : (iv) 0 226 ; (v) 0756. 

3. 4 168. 4. 7*23. 6. 91*5416., 6. 10 237. 

7. 2-00025. 8. 0 00025. 9. 144 sq. yds. 10. 916 3 yds, 

11. 5 ft. 12. 29*38 ft, IS. 57 yd*. 14. 701 yd* . 


flection IV. Averages and Ratio, p. 146. 

1. 2133J. 1 3. (a) ;l; <6) 4. 28 87. 

8. 69.$, 6* 76.*. 6. o», ]?* 13 3 * 7. 1587*32 lbe.; 720 kilo*. 




ANSWERS. 


1«J. 


« 1 

Bectlen V. Percentages, p. 117. . 

9 * . 

L 4.J", or 4 T0 ^kt c%iit. 2. Tl 7'*. S. 31'4 per cent. 

1 903 1 iul» It. t B I’ilW. 6. 42 1»^ 

7. ££24, €240, IWil. ; ‘JIMS'43\. 

#; Sulj»hnr, 3S I1»S.; rh.tn\fl, TiS H»« ; intM’, 301 11m. 

9. t*640. SSJH. £7«S, CSUO; 21 os. 24 .7.4, 20 23. 27 32. 

ie. 2 i, s;< n ci ii- .ji h.‘ jni. is. T V 

14 . m-jii?} Ht'wi.; t-N. :i- t :»i ; rw I:is nn<l 
is. c-ji i:u 

15. 17. til. 1.1s 4(1 , tm li- HI , t'JI ; Ii -JOM.-I %, 2017 %. 

3 " ’>‘• 17 Hti lii- 

Section VI., p. 148. 

1. 1-. 3 JS im|i ll IS hail. 3 III .W 

A 14 SI (i/ .Vt" .4 5 is- lid 6 lilll'.li iiw : IllWkllon. 


A. 

x • v • • 
4. a h, 301 


Section VII. Algebra, p. 149. 



B <MKI029 6 (t*, «'*, aio, 4096. 


7. - 7 'i • 3/. r 9 3 n. 10 S ry 

11. (i)», fill ?• 14.0) 29;. (it) 3 l , ,.,^»i)3i?. 

18. (i) 4, (u)‘25, (m) 2^’ 16. (i) V, (ii) \\ (tnl 5- 


17. /,r . is r i. n r» ie. 2-or»2. 

.r + i>.c + 7 

10 . 14 tM. IPOS, 0-2436. 21 2113 22 132 ft. 23.4747. 


Section VIII. Multiplication and Division, p. 15L 

•Lx 5 - \x*y + *xV + x*y* - 11 ry* - 3y 5 . 

1 **-3x 4 ; (x+l)(x-4Hx 3). 

8 . x* - 2x* t 4x* - Hr* 4 / J i 10x* I 2x -» 9. 4. r* - 

5. x 5 - 8x*y t 14xV ‘ 9x 7 y' fixy 4 . 

4. Ir 4 + 7*Y 10xV i ry* 2»y ; - 4 fa(A 7. 2a*. 



1 . 

5 . 

9. 

13 


1 . 

3 

6 . 

7. 

9. 


1 . 

3. 

5. 

7. 

9. 

12 . 

18. 

18. 

21 . 

23. 


4. 

:» • 

<• 


17. 


WORKSHOP MATHEMATICS. 
Section IX. Simple Equation*, p. l(5l. 


2 . 2. 

3. 

]■ *4. 

2 7 

1 1 

6 . 2. 

7. 

! r 8 

2 (rt" i Ifl) 

10 

11 

» 

a | b 

a + b. 

>t | h 

14 ]• 

IB 

t 

) (n 1 b \ c -1 <!). 

• 


Section X. Simple Equations, p. 152. 


Cl 7.7, C22.7 
Jo, 24, it. 


.1, CIO; /{, CIO; (\ C20. 
Is IO}<|., Is. S.I. 

.77 index. 


2 C7 I Os., CD, C7. 4s. 

4 C2 7s Od 
6 17. 

8 .1 .‘Iti IS tt , /i_40'2 ft. 
10 £1.70, £2,70. 


Section XI. Mensuration, p. 153. 

4NOOO xij. M 2 11 f runes. 

129 in., SO in , 007 .7 lilines 4 .‘10 00 sc|, in. 

.7.70.7 yds 6 17 SI) ft. 

11,400,000, 17,100,000, .‘I.SOO.OOO 8 Cl. .‘{s., 0-1 yds . £12. 

3.7 in it. io. 1700 >ds , c:w,7. n. t*»2. 7s. 

C13.Vx. 7 2d. 13. 1041) fi lines 14.292 ft. 

09-74 1. 16 loo 3. 110 2."». 17. £3. 3s. 

i:t770 It) inines. 20. .7-40.7 sq. ft , 2 .72 ft. 

I.7S70 s(j. yds,, 13.710 xq. mIs. 22. ll;>20sq. \d». 

S|0 vds. 24. lOMsq. ft. 



INDEX. 


Addition, 1 : in il^t l.t.i, 66. i,f 

<!<•• mini fi.n tiniH, , i>t \ ulg.ii 
fi net ions, II 

Alp Kr.ii.nl, c-xjir« , v.*-» >n, 65, sum, 
<U 

Angulai iiummih mrnt, 1"3 
Angle**, ."lllpnll-"ll nt til* iimithi 
tu«l< s «.f, |0.">, pl.iiu l<i.{. i. pit 
Hfnt.itinn .liltl luf.i-m< nifii' of. 


< ll.ll.i-. Si alt* if, 1IW. 

< Ill- l. Ill. 1.5 

< "inp.ins.in of fi.n turns, 11. 

< '..m 1 . 1 . .pi inline-, (i.. mm] jwnts 


i "ntiiiin .1 jii-.hIu. t, 74. 

("iili.Ktf.l methods, *_»7 ; <if .|i- 
Msinn. :{_!. ..I nniltiplnatinii, 
:;o 


KM. 

Aron, British im-aniti* "t. lit. 
measurement of, 112. unlit, 
measures of, I la; of .i hexagon. 
138 ; of a jmia.ll. logjam, 120 ;<»f 
an) pol)gon, 140; of .my ipindii- 
lfttoral, 13a, of a r«. tangle, lit*: 
of a rhombus, 133; af alrnjie/ium, 
134 ; of a tHandle, 129 ; unit of. 
113. 

Areas of piano figure*, 1 IT 

Arithmetic, simple m« thods in, 41 

Arithmetical mean, 55 

Averages, 50, 60. 

Brackets, use of, 77, 82. 

British measures, of area, 114; of 
length, 94. 

Calipers, 98. 

Cancelling, 16. 

Carpeting, 123; estimation of cost 
of, 125. 


( "rut rsioii, (iei-mmls to \nlgar 
frit, tioii.s, 31, 40; meuHiiicH of 
Hntish 1<» met Me, 116; 
Iiu.f-UUM "f hflgtll, Ihltish to 
im lm , 97 

• 

l8um.il fruitions 22: eontraoted 
'liM-ion, 32; eoritrm ti d multi* 
pin .it ion of, 30; leeuiring, 27. 
Iit-gree. 103, bulnli\minus of, 104. 
Three! piojHirtion, f>4 
liistemjM-rmg, estimation of. 122 
llnihion. 26. 75. 82; dciinal frac¬ 
tions, 26, 29 , of \ iilgm fractions, 

: 14. 

Equation*, 84; cubic, 85; quadratic, 

, Ha ; simple, 84, 92. - 

Evolution, 44. M 

' Explanation of KymboUv 62. 

; Expression, or quantitfl, 65; sym* 
l»oIical, 83. 

' Exponent, 65. 
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Factor*, 2, 3, 9. 


Fractions, addition, subtraction, 
and comparison of, 11; decimal, 
22 ; detin it ion of, 10. 

< 

(lauge, screw, 100; wire, 100. 

(ieomctrical mean, 5.1. 

(treat est common measure, 4, 9. 

Hexagon, L3H. 

t 

Identity, 85, 1)2. 

Index, 4, 9, 43, 05. 

Involution, 43. 

Italian method of division, 27. 

Least common multiple, 5, 9. 

Length, 9,3 ; measurement of, 97 ; 
units of, 93. 

Linings, 125. 

Mean, til ; arithmetical, 55; gco- 
metiicul, 55. 

Mean proportional, 54, til. 

Measure, a, 9; greatest common, 4. 

Measurement, 93 ; angular, 10.3 ; 
of length, 97. 

Measures of area, 114; British. 
114; metric, 115. 

Measures of length, Rritish, 94: 
metric, 9ti. 

Method, Italian, of division, 27; 
simple arithmetical, 41; unitary, 
54. 

Metric measures, of area, 115 ; of 
length, 96. 

Metric system, 95. 

Mixed numliers, 12. 

Multiple, 3 ; least common, 5. 9. 

Multiplication, 2, 72, 82 , of deci¬ 
mals, 24,29; of vulgar fractions, 
14. 

Numbers, mixed, 12; prime, 3. 

Operatioili, signs of, 1. 

Painting, Istimation of, 122. 

Papering,Intimates for,,122. • 


Parallelojram, 112; area of, YU)/ 
Percentages, 57, 0b mm 

Perimetw, 12?. , 

Plane figures, area of, 117. 

Power/, 4, 9, 65. 

Prnnfe numbers, 3, 9. 

Pryluct, 2 ; continued, 74. • 
Proportion, 5.3, 61 ; direct, 54. 
Proportional, meai<T54 ; third. 54. 
Plot motor, use of, 107. 

Quadrilateral, 112; area of, 135. 

Radian, 103. 

Ratio, 52, 61 ; of small quantities, 
55. 

Recui ring decimals, 27, 40. 
Rectangle, 112; area of, 119. 
Rhombus, 112; area of, 133 
Root, square, 44. 

Scale of chords, 108. 

Scievv gauge, 1 iX). 

Signs of operations, 1. 

Simple arithmetical methods, 41. 
Simple equations, 84. 
Simplification of fractional expres- 
I siona, 16. 

Square, 112. 

Square root, 44 ; of a fraction, 48. 
Square vard, 114. 

Staining, estimation of, 122. 
Submultiples, of metre, 96; o] 
yard, !)4 

Subtraction, 1, 68; of decimal 
fractions, 23; of vulgar frac 
tions, 11. 

Sum, algebraical, 64. 

Surds, 47. 

Symlmls,(explanation of, 62. 
Symbolical expression, 83. 
Systefti, British, 93 ; metric, 95. 

• 

Term, algebraic, 65. 

Time, mean solar, 109; unit of 
109. 

The British system, 93. 

The metric system, 95. 

Third proportional, 54, 61. 



INDEX. 


ml 

^jAkgNuum, 112^area ola, 134. | Use of protractor. 107. 

*nbnfflM, area o^, 129; nfinitions ’ Use of brackets, 77, #2. • 

** \ I Varnishing, estimation of, 122. 

Unit, of area, 113 ; of tiim\l09. ! • 

Unitary method, W. « t Wire gauge, 100. 

Units, of angular nicasureinttit, 

103; of length, mass, un.l time, Yard, multiples ami sulmiultiples 
93. ^ ^ , , of, 94. 


* 
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